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Superimpose A on B and you have the 
C-E Bent Tube Boiler, Design VA, 


shown below. 
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BOILER PERFORMANC 


) 


IS ASSURED BY THIS EXCLUSIVE 
DESIGN FEATURE OF THE 


C-E BENT TUBE BOILER 


DESIGN VA 


%. 


As the accompanying illustrations show, this 
C-E Boiler has two separate circulatory systems. 
Drawings A and B may be considered as separate 
3-drum boilers. When A is imposed upon B, the 
result is a 4-drum boiler with half the tubes 
comprising the first and second banks connecting 
to the first upper drum and the remaining half con- 
necting to the middle upper drum. ‘This equal dis- 
tribution of the tube surface between the two drums 
is effected by having the first, third, fifth, etc. 
sections* of tubes in the first and second banks 
connect to the front drum and the second, fourth, 
etc. sections in the same banks connect to the 
middle drum. 


Thus the discharge from the most active steam 
producing surface is divided equally between two 
drums, with the result that both the steam liberat- 
ing surface and the area available for moisture 
separation are virtually doubled. This in turn 
results in reduced turbulence and steam velocity 
and a nearly constant water level in both drums 
at all ratings. 

By virtue of this exclusive design feature, the 
Design VA Boiler has established new performance 
standards for boilers of its class with respect to 
rapidity of steaming, capacity per sq ft of heating 
surface and quality of steam, especially at high 
rates of evaporation. 

Confirmation of these advantages is evident in 
the extent to which Design VA Boilers, on the 
market less than six years, have been bought by 
companies in a position to make very careful and 
competent determination of relative boiler values. 
A brief list of such buyers is given opposite. 


* The word “section” is employed in its usual sense designating the 
tubes comprising a row through the boiler from front to back. 
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Side and front construction ti 
showing the tube arrangement. 
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Next to oxygen, silicon is the most abundant 
element in nature. No boiler feedwater and 
no deposit is without it. 


As water-glass or liquid silicate of soda, it 
possesses excellent cementing properties. 


Like any kind of cementing material it must 
be present in sufficient quantity to bind the 
other materials together in solid formations. 
Where silica is used for this purpose the amount 
present has a direct bearing on the firmness or 
hardness of the product. 


Boiler sludges and boiler scales are no ex- 
ception to this influence of silica. 

That these properties of silica are rampant 
in boiler feedwater constituents is definitely in- 
dicated in any study of boiler scale analyses. 
Such studies show the percentage of silica to 
have a direct bearing on both the toughness 
and metal sticking properties of the scale. 


These same analyses, together with those of 
the boiler blowdown waters, have also proven 
that silica formations take place within the 
boilers in the presence of large sodium phos- 
phate excesses and that these same excesses are 
also instrumental in the production of sodium 
silicate in the boiler concentrates. 


It is therefore most logical to assume that 
any conditioning agent for use in destroying 
these cementing properties of silica must be 
independent of and cannot be replaced by any 
one of the soda treating agents. 


A correct treatment therefore must combine 
these properties and also permit the formation 
of the solids-depositing constituents in feed- 
waters resulting from evaporation of the water. 


PHOSCALOID, the new product of the Rice 
Laboratories, is outstanding in its conformity 
to these requirements because it does destroy 
the cementing properties of silica without loss 
of its effectiveness in the prevention of other 
scale formations. 


It is also inexpensive because it does this at 
no greater cost than that of ordinary com- 
mercial phosphates. 


The 25 years experience and fine laboratory 
facilities of the Rice Organization guarantee 
the satisfactory performance of PHOSCALOID. 


Po Oe eee ae en Om om memes ates ener 


I would like to have more information about PHOSCA- | 
LOID and its economy and effectiveness as a conditioner of | 
boiler feedwater. | 


EO See PO Pret re re ek eT ee EK 
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View of Smoot Control and Republic Instrument Panels installed in a modern- 
ized power station of the New York, New Haven, and Hartford Railroad 
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SMOOT COMBUSTION CONTROL 





For Any Boiler...Any Fuel...Any Load Variation 


Smoot Control regulates all input quantities in measured proportion so as to 
maintain maximum combustion efficiency, while holding constant steam pres- 
sure. With Smoot Control, boilers are operated at test efficiences over monthly and 


yearly periods, independent of load fluctuations and variations in fuel supply. 


Data Book No. S-20 has just been issued containing a complete discussion of the 
basic problems of boiler control and their importance in the final result—efficient 


steam generation. Send for your copy today, it involves no obligation. 


MAIL THIS COUPON TODAY 





AVA DATA BOOK NO. 
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; NAME 
}  SMOOT ENGINEERING CORPORATION | 
Division of Republic Flow Meters Co. 
2222 Diversey Parkway ... + «+ « Chicago, Illinois CITY STATE 











COMBUSTION—August 1935 







The STOKER that 


Bars * ? 
with “ayigys Sagi eg 
Paice) Lairane i 
POP IRIEL PLU A aT ie i cb 


»$ 


x 


“3 
4 


> 
> 











August 1935-C OMBUSTION 





never said **NO”’ 





| nn TYPE E STOKERS save us 85 
cents a ton on coal . . . increase boiler efficiency and capacity 
... improve flexibility in load handling and quick starting .. . 


reduce labor and maintenance expense... 


‘To sum up . . . we consider our stokers second to none. They 
have never said no, up to the present.”’ 


That is the picturesque way in which Angus V. Johnston, Chief 
Engineer for the Empire Polishing Company, Quincy, Mass., 
enthuses about the service he is getting from their two Type E 
Stokers. 


In the same spirit, if not in the same words, hundreds of oper- 
ating engineers throughout the United States testify to the good 
results they, too, obtain from their Type E installations. 


Working successfully as it does with practically any kind of 
bituminous coal. . . easy to operate and maintain . . . rugged 
and dependable . it is easy to understand why nearly 
12,000,000 sq. ft. of boiler heating surface has been equipped 
with Type E Stokers in the United States alone, with hundreds 


of additional installations in other countries. 


A new edition of the Type E Stoker Catalog is now ready. 
We will promptly send you a copy on request. 


COMBUSTION ENGINEERING COMPANY, INC. 
200 MADISON AVENUE, NEW YORK 


Canadian Associates, Combustion Engineering Corporation, Lid., Montreal 





C-E PRODUCTS 


BOILERS 


Sectional Header 

Box Header 

Bent Tube 

Fire Tube 

Electric 

Marine 

(Included in above list are all types 
known in the ‘field as Heine, Walsh- 
Weidner, Casey-Hedges and Ladd) 


STOKERS 


Multiple-Retort Underfeed 
Single-Retort Underfeed 
Type E 
Type K 
Stoker-Unit 
Traveling Grate 
Coxe 
Chain Grate 
Green Forced Draft 
Green Natural Draft 


PULVERIZED FUEL SYSTEMS 
(for boilers and industrial furnaces) 


Storage 

Direct Fired 

(C-E Pulverized Fuel Systems, 
formerly known as Lopulco, 
include Raymond Pulverizers) 


FURNACES 


Slagging 
Dry Bottom 
Water-Cooled Walls and Screens 


COMPLETE UNITS 


Combustion Steam Generator 

(a unit of standardized overall design) 
Coordinated designs comprising any com- 
bination of boiler and firing equipment 


ALLIED EQUIPMENT 


Air Heaters 
(Plate and Tubular Types) 
Economizers 
Oil Burners 
Ash Conveyors 
Ash Hoppers 


DRYING AND INCINERATION 


C-E Raymond System 
(for sewage sludge incineration) 
C-E Raymond Flash Drying Systems 


FABRICATED PRODUCTS 


Pressure Vessels, Tanks, Towers, etc. 
(welded or riveted fabrication 
—carbon, alley or clad steel) 





ENGINEERING 


A-234 
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is DIFFERENT? 


ERTAINLY it is, and that makes it all the 


more interesting to us. Having a difficult 
water treating problem need not be considered 
a handicap — that’s just the kind of a job the 
Naleo Organization likes to tackle! Moreover, 
we are willing to wager that your problem is not 
so different but what we can draw upon our 
store of experience to provide a solution that 
will be as certain ... satisfactory . . . econom- 
ical... and profitable as those enjoyed by some 


Che System thai 
Rises ABOVE THE Levelt 3,000 plants now employing the Nalco System. 


of orOimary 
fe eOwater 


Let us show you what the Nalco System can 
treatment 4 do. Write for information—no obligation. 


THE NATIONAL ALUMINATE CORP. 
6234 W. 66th Place Chicago, Illinois 


SYSTEM OF BOILER 
FEED WATER TREATMENT 
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FDITORIAL 





New York to Survey Atmospheric 
Pollution through Federal Aid 


Among the projects included in the twenty million 
dollars recently allotted to New York City by the 
Federal Government, and approved by the President, 
is an item of $208,680 to carry out an air pollution 
survey. 

Compared with some other cities, New York is rela- 
tively free from objectionable smoke and other atmos- 
pheric pollution, although there is considerable room 
for improvement. Periodic drives have been made by 
the Department of Health, which is charged with en- 
forcement of the smoke ordinance, but there has never 
been a comprehensive survey made of the situation. 
Moreover, the smoke ordinance could probably be im- 
proved by revision based on later knowledge gained from 
scientific investigation and experience. 

If the present allottment is to be spent with the idea 
of achieving maximum results, and not merely as a 
means to help relieve unemployment, the work should 
enlist the aid of competent engineers, experienced in 
combustion and smoke abatement work, and full ad- 
vantage should be taken of past research as well as of 
experience in other communities both here and abroad. 
A good example of accomplishment in smoke abatement 
under experienced direction is to be found right across 
the river from New York, namely, Hudson County, 
New Jersey. 

To quote Dr. O. P. Hood of the U. S. Bureau of 
Mines: ‘This is a field for research which requires 
long-time and constant support. Temporary emergency 
effort over short periods cannot help much.”’ 


Looking Ahead, Regardless 
of Capacity Adequacy 


With the continued increase in public utility electrical 
load, which for some weeks past has exceeded the sea- 
sonal figures of 1929 and 1930, there has been much specu- 
lation as to the ability of present capacity to meet de- 
mands in the near future, especially if industrial pro- 
duction should suddenly rise. In contradiction to the 
contentions of the National Power Survey, it appears to 
be the consensus among central station engineers, as ex- 
pressed in recent talks and papers, that the industry, as 
a whole, will require little additional capacity for some 
time. This is based largely on the belief that it will be 
found economical to carry peak loads on the older and 
less efficient equipment and that present interconnec- 
tions provide adequate flexibility in loading and suffi- 
cient reserve. Many of these engineers further concur 
in the opinion that station rehabilitation alone is seldom 
justified unless it also provides additional capacity at 
lower initial and operating costs. Obviously, these 
views are not shared by all as is reflected by a number of 
important installations now under construction. This 
emphasizes the fact that each plant and system repre- 
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sents an individual problem and that physical differences 
and local conditions render generalizations of little value. 

Nevertheless, utility engineers are accustomed to look 
far ahead and, regardless of the ability of present capacity 
to meet pending demands, most central station com- 
panies have made comprehensive studies to guide them 
in meeting further demands. A number of these studies 
have favored the superimposing of high-pressure, high- 
temperature units on the existing low-pressure equip- 
ment. In view of this, Mr. Krieg’s article on ‘‘Super- 
position” in this issue is especially pertinent. He out- 
lines the various factors that must be considered in 
an economic study of this kind, particularly where the 
station is part of an interconnected system, and indicates 
to what extent data on the performance and experience 
of other stations may be useful in arriving at conclusions 
in the individual case. It is anticipated that his analy- 
sis will receive wide attention. 


E.P.C.D. Criticized 


The July issue of The American Engineer, journal of 
the newly formed National Society of Professional En- 
gineers, scathingly indicts certain activities of the 
Engineers Council for Professional Development (which 
represents seven national engineering bodies) in its 
program for enhancement of the professional engineer 
through student selection and guidance, accrediting of 
engineering schools, professional training in the post- 
graduate period and, finally, professional recognition. 
It will be recalled that this work has been under way for 
about two years under the leadership of Dr. C. F. 
Hirshfeld assisted by a group of well known engineers 
and educators. 

Particular exception is taken to the statement in a 
recent release by E.P.C.D. to the effect that there is no 
single criterion by which an engineers’ qualifications can 
be measured and that it is proposed to define minimum 
qualifications of education and experience, the fulfillment 
of which will entitle an engineer to be recognized among 
his fellows and in his relations to the public. 

It is the contention of the editorial that the qualifica- 
tions of a professional engineer are already set up by the 
states that require licensing based upon examination 
and that E.P.C.D. is overstepping its perogatives and 
has no cause for existance other than as a means of tem- 
porarily gathering data. It suggests further that its 
recorded purposes can better be accomplished by the 
National Society of Professional Engineers. 

While engineers are not in full agreement as to the ef- 
ficacy of licensing, it is the law in many states and from a 
legal standpoint defines the status of the professional en- 
gineer. Perusal of literature issued by E.C.P.D. fails 


to disclose anything adverse to licensing. The scope of 
its work, however, is broader than that encompassed by 
licensing alone for it aims not only to enhance the status 
of the engineer but also, through a process of selection, 
guidance and training to produce better engineers. 











SUPERPOSITION 


—An Economic Study 


Whether or not new capacity is required, 
it should be determined what opportuni- 
ties exist for making a profitable invest- 
ment when such need arises, and whether 
the situation can be met best by super- 
imposing high-pressure equipment on 
existing low-pressure units, rehabilitation 
of existing equipment for higher pressures 
and temperatures or building new sta- 
tions. The procedure for making such 
an analysis is outlined. Where there are 
several stations on a system the effect of 
changes in incremental costs, shifts in 
load and possible further interconnection 
must be taken into consideration. Data 
on the availability of high-pressure units 
are included as pertinent to the problem. 
The author points out that ‘“‘superposi- 
tion’’ is not new and cites the performance 
of several older stations that employ 
such an arrangement. 


turbine installation in an old plant, the high- 

pressure turbine to exhaust to one or more exist- 
ing low-pressure turbines, is not a recent idea but dates 
back at least to 1920 and no doubt before then. Suc- 
cessful service has been obtained from a number of exist- 
ing plants that are fundamentally true superposed in- 
stallations. Stations believed to be true cases of super- 
position are: 


GT turbine instal of a high-pressure boiler and 


Edgar (Boston) 

Deepwater (Houston Lighting & Power Co.) 
Northeast (Kansas City) 

Lakeside (Milwaukee) 

Burlington (Burlington, N. J.) 


Each of these plants not only has one or more high- 
pressure units exhausting into low-pressure units, but 
also low-pressure boilers some of which are continuously 
in operation as is indicated in Table I. (The order of 
listing these stations has been changed in the table.) 
It is true that some of these plants may not have adopted 
superposition for the express purpose of rehabilitating 
obsolete equipment but, aside from this fact, there is 
essentially nothing that distinguishes them either in 
point of view of design or installation from the type of 
piant considered for the purpose of postponing the ob- 
solescence of existing generating equipment. There 


8 





By E. H. KRIEG, 


Engineering Department 
American Gas and Electric Company 


should be no impression that rehabilitating old plants by 
superposition is an unknown and unproved experiment. 

There are also a number of other plants which differ 
from a superposed plant only in that there are no low- 
pressure boilers that might be used to run the low-pres- 
sure turbines alone, independently of the high-pressure 
units. These low-pressure turbines could be run inde- 
pendently of the high-pressure turbines and boilers if 
low-pressure boilers were installed. At these plants, 
if the high-pressure turbines fail, a pressure-reducing 
system automatically acts to supply steam from the 
high-pressure boilers at reduced pressure to the low- 
pressure turbines which will stay in service. Similarly 
in superposed plants a like system is provided, in case 
the high-pressure turbine is out, the low-pressure boilers 
are available to back-up the high-pressure boiler. So 
far as the turbine room is concerned, the Deepwater 
station in New Jersey and the 165,000-kw unit at Philo 
are essentially of the superposed type. South Amboy, 
Gilbert and Station A (San Francisco) have steeple- 
compounded units, the low-pressure elements of which 
may or may not be suitable for operating with low-pres- 
sure boilers. 

At the Cabin Creek station of the Appalachian Elec- 
tric Power Co., a subsidiary of the American Gas and 
Electric Co., there is a 5000-kw, 400-lb, 725 F, turbine 
that exhausts to two 250-lb, 600 F, turbines of 20,000 kw 
and 25,000 kw capacity. This, of course, is a true super- 
posed arrangement installed for the purpose of post- 
poning the obsolescence of the two 250-lb units by in- 
creasing efficiency. No special boilers were installed 
for this turbine as there are boilers supplying two 400-Ib, 
725 F, turbine-generators of 20,000 kw and 31,500 kw. 


Justification by Improved Efficiency or Needed 
Capacity 


Studies of superposed units have been made for 
several plants of the company with which the writer is 
connected, although no new capacity is needed immedi- 
ately. The fundamental principle should be kept in 
mind at all times, that, whether a system needs new 
capacity or not, it should be known what opportunities 
exist for making a profitable investment. Even where 
no new capacity is needed, it should be known whether 
any type of rehabilitation offers justification of new 
investment, whether the means is superposition, re- 
habilitation of existing units, an extension similar to 
existing units, or an entirely new station. If new 
capacity 7s required, it is still necessary to know the best 
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method of adding it and to study the problem from 
the same viewpoint as when no new capacity is needed. 


The next step is to determine what return each of the 


foregoing schemes offers. 


The two important factors 


are, (1) what investment must be carried (both old 
and new) and, (2) the old and new production costs 
(including fuel, labor, maintenance, etc.). The matter 
of investment to be carried, whether old or new, is a 


matter of individual determination. 


There are too 


many physical differences between plants that render 
investment costs impossible of accurate comparison. 
For instance, one plant may require absolutely nothing 
to be done to an existing building for the installation of 
the high-pressure boiler and turbine, whereas in another 
plant existing equipment may have to be removed and 





large size (around 30,000 kw), that a single boiler only 
was considered, and that little revamping of the existing 
building and foundations would be required. Further, 
the existing turbine-generators required few or no 
changes to adapt them to the service contemplated. 

The same difficulties exist in trying to compare esti- 
mated production costs. Large differences in produc- 
tion costs between plants that have practically identical 
equipment and operating conditions are well known, and 
it is therefore felt that the question of determining 
whether a superposed installation is justifiable rests with 
those individuals responsible for deciding the case for the 
particular installation in question. The fact that Rich- 
mond station (Philadelphia) built in 1925, actually could 
do 13,700 Btu per kwhr with 400 lb, 725 F, did not pre- 





























TABLE I—OPERATING DATA ON FIVE SUPERPOSED STATIONS 
; = Plant 1 ___Plant 2 Plant 3 _ Plant 4 _ Plant 5 
High-pressure Boilers 
1934 hours in operation 25770 a 16491 7884 
1934 hours on bank 467 3610 , None 14 
1934 hours unavailable 17564 2090 : ; 1029 768 
1934 avg efficiency, percent 2 eee 86.38 85 81.4 84.0 
Low-pressure Boilers 
Availability 9 000 ae Not Determined c k Jane 
1934 avg efficiency oo oo © ~—  veees 85.82 80e Keene 71 
Are |-p boilers operated while h-p boilers are on? % of time Yes Yes Yes Yes In general 
Variable % 100% 75% 100% No 
Are |-p boilers kept on bank to back-up h-p boilers? % of time Yes b f Yes In general 
Variable % 100% No 
Are l-p boilers only operated when h-p boiler is off? No Yes No jmues In g:neral 
Are |-p boilers ever operated at all? Yes Yes Yes, 75% of time Yes Yes 
High-pressure Turbines 
1934 hours in use 13263 25917 .50 7000h 8668 7644 
1934 hours unavailable 9135 463.0 1730 92 782 
1934 hours standby (idle hours) 3882 8659.5 None None 334 
1934 generation, 1,000,000 kwhr 83.234 165.795 53.41 101.949 108.662 
Low-pressure Turbines 
Average availability, per cent 85.8 84 73 91.0 oe Station 91.01 90 
1934 generation, 1,000,000 kwhr 463.79 718. 12733 390.892 400 .633 (Total) 200. 636 
General 
Into what |-p turbines can each h-p turbine exhaust (give unit Any Any Any Any Any 
numbers)? 
1 3 
Type of reheater Gas, convection Radiant Convection Radiant Steam—Steam None 
Performance—For Year 1934 
Btu per kwhr with high pressure 13977 12847 14386 (1932 net) 14225 15616j 
Btu per kwhr, only low pressure 2 ——seseseeeeee ee 16180 17900 (1932 net) 17000 anal 
Water rate with h-p (for station), lb/kwhr 9.39 9.064 9.43 (1932 gen) 10. 881 11.53 
Water rate with I-p (for station), Ib/kwhr —i—s—‘“s—s— eg 11.643 11.00 (1932 gen) ee 
Per cent auxiliary power of total 90 ee 6.40 h-p ..... 
generation (not of net) 51 6.37 6.26 1-p 6. 36i 6.8 5.82 
Yearly load factor: h-p 63.51 75.5 97.1 64 
l-p 55.8 (sta) 21.20 68.8 71 
Yearly plant capacity factor: h-p 36.7 62.32 75.5 63.9 55 
1- 0.1 11.57 31.8 eee 61 
onan 59 


p 
plant 


b—No, but sufficient capacity in operation is available in case one h-p boiler is lost 


c—Use only 6 of 12 boilers, so availability no item. 
e—80% steaming, 78% including banks. 
f—Enough steaming or banked to pick up load of one h-p boiler. 


h—Unusually low because of installation of steam scrubbers in both boilers, also out 6 weeks to reconstruct packing. 


i—% auxiliary power of total generation without h-p unit = 4.5%. 
j—Best month to date, 14820, March 1934. 


k—Availability higher than usual because usual overhaul period not included in this period. 


l—Includes steam for condensing reheaters. 














the building so remodeled that it would be cheaper to 
build an entirely new station. Besides this, there are as 
many ways of preparing a cost estimate as there are 
individuals to prepare it. The same applies to what 
proportion of old capital must be carried by the new 
investment. 

There seems to be little to be gained in trying to com- 
pare the cost estimates of several different companies. 
It is well known how much investment costs vary and 
it is believed that the yardstick is not what some other 
system did but what effect a superimposed unit would 
have on one’s own individual system. It may suffice to 
state that several studies show that superposed units 
could be installed at a cost ranging from $75 to $100 per 
additional kw. This is predicated solely upon the fact 
that the turbine-generators being considered were of 
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vent a number of 400-lb, 725 F stations, built subse- 
quently, from having performances of 15,000 Btu per 
kwhr or more. 

Even with investment costs of $75 to $100 per kw and 
an expected improvement in economy from a present 
heat rate of 19,000 Btu per kwhr to 13,000 Btu per kwhr, 
the proposals studied were found unjustifiable from the 
standpoint of savings alone until new capacity should 
be required. In other words, until new capacity is 
required, the savings in production costs would not carry 
the old and new investment with sufficient margin of 
safety to warrant the adventure. The purpose of’ 
this statement is, therefore, to give our own experiences 
with superposition studies, to be modified by the fore- 
going notes of caution to those who attempt to apply 
these experiences to a study of a different system. 








Some of the factors influencing a decision, other than 
the investment and old versus new production costs, are: 


1. Errect oF INCREMENTAL Cost CHANGES 


Where there are several stations on the system, any 
of the possible changes (superposition, rehabilitation of 
existing units, extension similar to existing stations, or 
new stations) causes a change in the incremental costs 
of the station being studied. It then becomes neces- 
sary to estimate the load shifts between the stations re- 
sulting from the change in incremental costs, and to 
estimate new outputs in each station to determine the 
true savings. These include a study of production 
costs, load factors, etc. This portion of the work is 


TABLE II—HIGH PRESSURE 


not to construct a new station must, of course, be con- 
sidered, such as fuel supply, load center, etc. 


4. AVAILABILITY 


The anticipated availability of the high-pressure 
boilers and turbines is most important from the view- 
point of how much the output will be affected by out- 
ages. Such data are available for turbines in the 
various reports by the Turbines Subcommittee, and 
for boilers in the study by Messrs. Hirshfeld and Moran, 
and in various N.E.L.A. and E.E.I. reports. These 
data are available, not only for the low-pressure units 
but also for higher pressure units such as are now being 
considered in connection with superposition. 


UNITS (AROUND 1200 LB) 




















Factors, Per Cent Make, 
Unit Size Unit S. D. Unit Turb Gen Cond Other Type Hr 
System No _ ae. Year Cap Avail Oper Out Out Out Causes Res _ Service Insp 
“2s 8 10,000 1933 13.83 100.00 15.37 1.67 0 0 1.55 81.41 A-S-2 “0 
1931 25.28 87.97 31.63 18.35 0 0 0 55.02 Pe ar 
62 4 50,000 1933 14.00 100.00 79.57 15.97 0 4.46 0 0 A-VC-2 1394 
1932 15.42 90.65 90.65 0.18 3.55 0 5.62 0 er 0 
62 3 50,000 1933 14.72 100.00 85.36 14.37 0 0.27 0 0 A-VC-2 1256 
1932 15.13 88.45 88.45 0 5.48 0 6.07 0 aa 0 
67 3 12,000 1933 26.31 62.29 62.29 24.72 0 0 9.44 3.55 B-CC-3 814 
1932 21.21 70.50 47.74 5.71 0 0 36.04 10.61 1-2 0 
35 7 3,360 1933 30.30 59.08 47.31 6.29 0 0 28.86 17.54 A-S-3 551 
1931 34.73 64.88 58.26 0.05 0 0 35.80 5.89 
35 9 12,500 1933 55.80 92.95 81.43 4.85 0 0 1.79 11.93 A-S-2 0 
1931 41.04 99.14 70.21 20.11 0 0 0.45 9.23 wa 
50 10 7,700 1933 57.05 98.35 72.48 2.37 0 0 0 25.15 A-S-2 204 
1932 55.82 99.10 68.33 1.29 0 0 0 30.38 aos 0 
1931 59.62 97.57 66.64 5.90 2.40 0 0 25.06 
50 8 7,700 1933 58.07 100.00 72.78 0.07 0 0 0 27.15 A-S-2 0 
1932 48.08 97.40 61.00 1.46 0 0 2.66 34.88 ose 0 
1931 58.20 93.35 69.34 8.40 0 0 0 22.26 ees 0 
50 12 7,700 1933 61.13 100.00 75.85 0 0 0 0 24.15 A-S-2 0 
1932 59.75 98.50 74.52 3.28 0 0 0 22.20 erolan 288 
1931 55.51 94.97 64.96 10.20 0 0 0 24.84 -3 
50 9 7,700 1933 61.67 98.83 76.98 0 1.19 0 0 21.83 A-S-2 0 
1932 56.10 98.00 71.95 4.11 0 0 0 23.94 ree 0 
1931 58.52 95.38 69.36 3.20 0 0 3.0 24.44 -3 
13 6 10,000 1933 70.68 7.49 7.42 7.03 0.21 0 §.27 0 B-S-3 597 
1931 48.81 67.12 67.12 28.11 3.74 0 1.03 0 
34 6 12,000 1933 76.95 93.01 93.01 2.37 0 0 4.62 0 A-S-3 0 
1932 54.13 70.79 70.80 24.36 0.09 0 4.75 0 eae 0 
75 1 12,500 1933 77.25 94.48 94.48 5.40 0.12 0 0 0 A-S-3 377 
1932 64.54 97.30 97.30 2.45 0.16 0 0.09 0 ein 213 
1931 71.38 97.14 97.14 2.50 0 0.35 0 
75 3 11,000 1933 £4.20 94.25 89.50 6.55 0.07 0 0.52 3.36 A-S-3 438 
1932 83.08 94.40 91.20 3.83 0 1.29 0.43 3.25 nivece 266 
1931 79.00 93.40 92.43 6.40 0 0 0.26 0.91 
75 4 11,000 1933 88.32 95.05 90.37 5.01 0.03 0 0.81 3.78 A-S-3 354 
1932 86.40 95.40 91.54 4.00 0.26 0.16 0.19 3.85 228 
1931 71.27 78.98 78.18 20.60 0 0 0.22 1.00 
31 2 11,800 1932 46.32 77.80 77.78 0.49 0.03 0 0 21.70 A-S-3 0 
1931 65.65 95.43 93.39 4.44 0 0 0.03 2.14 
Avg 15 15,544 1933 52.69 91.72 74.95 6.44 0.11 0.32 3.52 14.66 
12 17,425 1932 50.49 88.36 77.60 4.26 0.80 0.12 4.65 12.57 
12 9,413 1931 55.58 88.78 71.55 10.28 0.51 0 3.43 14.23 


The figures in Table II were taken from the E.E.I. and N.E.L.A. “‘Turbines”’ Reports of July 1932, August 1933 and June 1934. 


The column headings are: 


Unit Capacity Factor—Ratio of kwhr generated to product of unit rating and total hours in year. 
Service Demand Availability Factor—Ratio of service hours to demand hours. 


Unit Operation Factor—Ratio of service hours to total hours per year. 


In next to the last column: A and B indicate make; S—single cylinder, VC—vertical compound, CC—cross compound; 1—peak loads only on reserve for 


other generating units; 


2—average centrol station load demands on daily peak load type; 3—continued base load service. 








probably the most complicated of all, as may be appreci- 
ated by referring to the literature that has been pub- 
lished on incremental costs. It should be kept in mind 
that the saving made by a superposed unit is mot the 
difference between the old and new costs for that sta- 
tion, but may be between the costs of another station 
and the new superposed installation if load has been 
shifted from the other station to the new station. 


2. POSSIBLE CONNECTIONS WITH AN INDUSTRIAL 


The effect of connections with large industrials or 
other systems must be considered. 


3. MISCELLANEOUS 
All factors likely to affect the decision to construct or 
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The most important factor given in the various Tur- 
bines Reports is probably service demand availability 
which indicates the percentage of the time the turbine is 
available when needed. In Table III it is seen that this 
factor for 550 to 1000-Ib turbines was as follows: 


Year Service Demand Availability Factor, per cent 
1925 90.93 
1928 94.90 
1929 96.90 
1930 95.81 


In Table II for turbines of around 1200-Ib pressure 
it is seen that this factor has ranged as follows: 


Year Service Demand Availability Factor, per cent 
1930 82.68 
1931 88.78 
1932 88.36 
1933 91.72 
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TABLE Ill 











Pressure 
550-Lb Gage 1000-Lb Gage 
to 1000-Lb Gage or Above 
1930 1929 1928 1925 1930 — 
isn dca tlnendasede dene dake ch ebee weceewecekedes: 17 17 12 7 10 
I I NS 6 6. Fee welecv ever be lbsekwetdulwen adieades 98,294 64, 880 56,700 10.056 
Service demand factor, %........ inlet é'e Kew Wa CRRCLEAD ad OU eNEE Rae es 84.40 86.05 86.70 75.39 86.87 
Service demand availability factor, %........... ccc cece cece cece ceeees 95.81 96.90 94.90 90.93 82.68 
pO NS, er rrr re rrr rte rire Corr rT reir: per 57.42 60. 66 65.50 39.80 51.28 
po RN OS RS SS eee ee eres ce iy ee re eee 71.01 68.75 73.90 58.40 71.39 
Service hours, factor, %...... 5 dara WW mea ee ROE Las a lon 80.87 83.34 82.40 68.10 71.82 
i aida ao bars ik aE KOR AREER RRC KGS KEES 10.71 12.24 11.73 24.67 19.75 
EE I as 5 cicacy.claad tae ob SeuaS Lat cuweedeewal an nenRe aes 4.32 4.76 5.60 14.75 10.68 
GRE PEI, Tig. nc cnc we wesnceeroceuawwans 1.21 | 0.54 3.72 0.48 
SSS, Tee ee. eee re rere ee 4.52 4.48 5.02 1.891 
es RS. a wank eens de eobhdvenhethd «vn ohabheaud 0.66 1.83 0.57 4.235 8.59 
ee inc eca OE SRR CORREO DOOR EC ER ED UES SEER 8.42 4.42 5.87 7.23 3.43 


The figures in Table III were taken from the N.E.L.A. ‘‘Turbines’”’ Reports of August 1931, August 1930, August 1929 and July 1927. 


Service Demand Factor—Ratio of demand hours to hours per year. 


The factors afe: 


Unit Output Factor—Ratio of kwhr generated to product of unit rating and service hours. 


Other factors are same as given in Table II for 1932, 1933 and 1934. 











It must be realized (and can readily be seen from Table 
II) that the foregoing ratios could have been much higher 
except for a comparatively few turbines which had an 
exceptionally low factor that pulled the entire average 
down. For example, in 1933, there were five turbines 
with 100 per cent demand availability and seven more 
that ranged from 92.95 to 98.83 per cent, a total of twelve 
out of fifteen. In 1932, eight turbines out of twelve were 
90 per cent or over, and in 1931 eight turbines out of 
twelve were 90 per cent or better. 

From Tables I, II and III, especially considering the 
improvement in turbine design that has occurred since 
these turbines were installed, it appears as though a 
turbine service demand availability factor of 92 per cent 
or more may confidently be expected even with these 
old designs. For new turbines it is believed that a 
turbine availability of 95 per cent is not unduly optimis- 
tic, as will be seen from the record of the following four 
turbines: 


Unit Unit Un't Unit 
Year 50-10 50-8 50-12 50-9 
1933 98.35 100.00 100.00 98.83 
1932 99.10 97.40 98.50 98.00 
1931 97.57 93.35 94.97 95.38 


Of course, service demand availability is affected by 
the number of turbines on the system, permitting out- 
ages when there is no demand. An isolated plant 
could not use the above factors. There is little use to 
compare unit capacity factors because these are a func- 
tion of system requirements. 

As for boiler availability, few can attain the factors 
of 97.6 per cent for 1933, 93.7 per cent for 1932 and 93.6 
per cent for 1931 as did Lakeside. However, from our 
own experience, it is believed that 90 per cent can be at- 
tained regularly with 1400-Ib boilers. 

A superposed installation can therefore be considered 
to have an availability of 0.95 X 0.90 or 85.5 per cent. 
There is little doubt but that this might be improved 
to 90 per cent by coincident boiler and turbine outages. 

With availabilities as given, there seems little need of 
duplicate high-pressure boilers or turbines on an inter- 
connected system. This is particularly true in cases 
where low-pressure boilers are available for the low-pres- 
sure turbines, making it possible to remove the high- 
pressure equipment from service during the periods 
when a large amount of surplus capacity is available. 


Comparing Alternatives 


In studying the superposition possibilities for a given 
station, a tabulation such as the following is the funda- 
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mental basis of comparison. This is shown for a com- 
parison between two stations, A and B, and considers 
not only superposition but also what may be done in the 
way of rehabilitating existing units, an extension along 
the same lines as the existing station, and the possibility 
of a new station. 


Existing New System 
System Super- Rehabili- Ex- New 
position tation tension Station 
Station Name A,B, A&B A,B, A&B A,B, A&B A,B, A&B A,B, A&B 
Yearly kwh 
Production costs, mills 
/kwhr 


Savings (diff. bet. ex- 
isting and new) mills 
h 


/kw xX X 
Yearly Savings $ XX X 
Investment Carried: 

New xX X 


Old (existing equip. 
not retired) 

TOTAL 
% Return 

Of course, the study is a great deal simplified if only 
one station is under consideration, as it is not necessary 
to examine the involved incremental studies for all 
stations to get the lowest net incremental for the entire 
system. The figures given in the superposition column 
would be the best selection from a number of different 
cycle possibilities using a superposed unit. If the old 
station operated at 250 Ib, 600 F, which is the average 
throttle condition for old stations of this company, 
cycles with superposed units are considered for the 
following throttle conditions on the high-pressure unit: 
400 Ib, 750 F; 600 1b, 800 F; 1200 Ib, 900 F. 











TABLE IV 

Boiler No 17 18 19 20 All 
Hr operated, per cent 

1931 73.1 67.8 72.4 74.0 71.8 

1932 58.4 76.6 76.5 70.2 70.4 

1933 75.8 81.5 81.4 80.9 79.9 
No. times banked 

1931 177 201 233 233 843 

1932 253 242 253 290 10338 (22 per mo.) 

1933 202 233 224 230 889 (18.5 per 

mo.) 

Banked hr, per cent 

1931 8.2 9.7 11.8 11.9 10.4 

1932 14.1 13.5 14.1 16.7 14.6 

1933 12.1 13.4 12. 14.1 12.9 
Idle hr, per cent 

1932 11.2 7.9 5.8 10.0 8.7 

1933 §.2 3.6 4.1 3.2 4.8 
Repair hr, per cent 

1931 10.1 7.8 5.45 2.4 6.5 

1932 16.3 2.0 3.6 3.1 6.3 

1933 3.9 1.5 2.4 1.8 2.4 
Available hr, per cent 

1931 89.9 92.2 94.6 97.6 93.6 

1932 83.7 98.0 96.4 96.9 93.7 

1933 96.1 98.5 97.6 98.2 97.6 


The data in Table IV on the four 1390-Ib boilers at Lakeside were taken 
from the January 1933 “‘Boilers, Superheaters and Econofnizers’’ Report, and 
the August 1934 “Steam Generation’’ Report. The availability factor of 
97.6 per cent for all four high-pressure boilers for 1933 is high and cannot be 
attained in the average station. 








ll 








Under rehabilitation of old units, the possibility of 
remodelling existing turbines for higher pressures and 
temperatures has been examined; also remodelling the 
low-pressure turbines for still lower pressures (say, from 
an original 250 lb to 50 lb) to pass large quantities of 
steam so as to obtain the maximum heat drop and 
capacity from the high-pressure unit. The old boilers 
would be used with new higher temperature superheaters 
and a new turbine for the original pressure but higher 
temperature. It has been our experience that such 
remodelling is not as economically justifiable as a high- 
pressure superposed unit, although it must be remem- 
bered that this is not necessarily true for all cases. 

Where stations have been analyzed that already oper- 
ate at 600 lb, 725 F, superposed units were not thought 
justifiable. An extension at 600 lb, 900 F appeared to 
be the best alternative. There is an insufficient gain 
above 600 lb to warrant changing the pressure, whereas 
maintaining the same pressure makes it possible to ex- 
change steam between the new boiler (although at a 
higher temperature) and the existing boilers, thus in- 
creasing the availability of the new turbine in case boiler 
outage does not exactly coincide with new turbine outage. 
The 725 F boilers could run the 900 F turbine, and the 
900 F steam would be tempered to 725 F to run the 725 F 
turbines. However, it has been found that there is a 
distinct gain in going to a higher temperature in order to 
eliminate reheat. It should be emphasized, at this 
point, that reheat cycles offer no serious difficulties in 
operation, and that we do not believe there is justifica- 
tion for statements that a reheat cycle is much more 
complicated and more troublesome to operate than a 
non-reheat cycle. At the present time, The American 
Gas and Electric Co. has four plants using the reheat 
cycle: Philo, Deepwater, Stanton and Twin Branch. 

It is the consensus of opinion of the operators of these 
stations that they have no more trouble with the reheat 
cycle than with the 250-lb, 600 F cycles which were 
used in the stations they operated before the reheat sta- 
tions were built. The only reason that the reheat cycle 
is not being considered in present studies is because it 
does not offer as high a financial return as does the 900 F 
non-reheat cycle. 

As far as the possibility of building entirely new sta- 
tions in different localities is concerned, it is believed 
that the possibilities inherent in superposition and 600-Ib, 
900 F extensions to existing 600-Ib, 725 F plants would 
far outweigh the advantages that would be gained by 
going to a new site. 

Table V summarizes briefly the 1250-Ilb, 900 F study 
made for one plant: 

Firm boiler capacity of 50,000 kw is installed in 250-Ib 
pressure units giving sufficient steam requirements for 














TABLE V 
ben Scheme 1 2 3 4 
New h-p unit, kw 30,860 36,100 36,000 31,200 
Old unit No. 1 27,230 27,775 27,490 27,490 
Old unit No. 2 22,165 22,500 22,330 - 
Other old units, sh ae 12,000 16,000 
boiler feed pump, turbine 1,800 1,900 2,000 1,700 
Total generation, kw 82,055 88,275 99,820 76,390 
Firm capacity, h-p unit out 49,395 50,325 50,000 43,490 
Firm capacity, h-p and ; a 
largest 1-p out 22,165 22,550 38,330 16,000 
Kw net output 75,000 81,000 92,000 70,000 
Pounds steam/hr 750,000 795,000 950,000 700,000 
Throttle heat, Btu/Ib 1,460 1,460 1,460 1,460 


Feed heat, Btu/Ib 360 340 360 340 


Heat added/1l-p Btu 1,100 1,120 1,100 1,120 
Btu per kwhr output, 75 per 
cent boiler eff 13,100 12,950 13,350 13,200 








12 


all 250-lb turbines when the single 1200-lb boiler would be 
down. 

In this particular case, a 1200-lb, 900 F cycle was 
found to be most economical, the high-pressure turbine 
exhausting at from 225 to 255 lb absolute back pressure. 
The performance of the existing turbines and boilers is 
about 19,000 Btu per kwhr output. 





Quality of Anthracite 


At the request of the Anthracite Institute, the United 
States Bureau of Mines recently made a three-months’ 
field survey of commercial anthracite shipped from 
collieries scattered throughout the anthracite regions, 
the results of which are published in the Bureau’s 
“Report of Investigations, No. 3283.” 

In all, 268 samples were taken at 41 breakers from 
Carbondale at the northern end of the field to Pottsville 
at the south. These collieries ship approximately 50 per 
cent of the industry’s total production. The following 
tabulation gives the weighted average analyses, by sizes, 
of the samples taken in this survey: 


; Dry Coal B.t.u. Soft’ng 

Mois- Mois- Temp 
ture Fixed ture of 
as Vol’tl. Car- Sul- As Dry and Ash, 
Size Rec’d.'mat- bon Ash phur Rec’d! Coal Ash ° F2 

ter Free 

Egg 4.2 4.4 86.4 9.2 .7 138,100 13,670 15,060 2890 
Stove 4.3 4.4 86.3 9.3 .7 138,040 13,630 15,030 2890 
Chestnut 4.8 4.3 86.0 9.7 .7 12,900 13,550 15,010 2890 
Pea 6.2 4.3 84.4 11.3 .7 12,470 13,290 14,980 2890 
Buckwheat 6.0 4.6 83.7 11.7 .7 12,430 13,220 14,970 2880 
Rice 5.7 4.5 83.1 12.4 .7 12,330 13,080 14,930 2900 
Barley T= 4. 82.1 13.6 .7 11,980 12,890 14,920 2880 


! These samples were taken as the coal came from the breakers immediately 
after washing. Therefore, ‘‘moisture as received’”’ includes, in addition to in- 
herent moisture of about 2 per cent, the moisture due to water clinging to the 
coal from the washing process. In a short time after loading much of the free 
moisture drains off so that coal delivered to the consumer would have a heating 
value, according to size, between 175 and 350 Btu per lb higher than shown in 
the column “Btu as received.” 

2 Softening temperatures of ash given are averages of determinations which 
include numerous “plus maximum readings’ which range between 2490 and 
2970 F. The actual average softening temperature is somewhat higher than 
those given in the table. 

These figures for anthracite give a very fair picture of 
the quality of the product available to the public in 1935 
from breakers of the anthracite industry. They should 
be used in making general comparisons with other fuels 


and with other anthracite products. 


Dr. Everett P. Partridge, since 1931 supervising en- 
gineer of the U. S. Bureau of Mines Experiment Station 
at New Brunswick, N. J., and well known for his re- 
searches in boiler feedwater, has been appointed Di- 
rector of Research of the Hall Laboratories, Pittsburgh. 
In this capacity Dr. Partridge will be associated with 
Dr. R. E. Hall, Managing Director of the laboratories. 


Irving Moultrop, chief engineer of the Edison Elec- 
tric Illuminating Company of Boston, retired from ac- 
tive service on August, after 43 years continuous 
service. Mr. Moultrop has long been active in both 
the A.S.M.E. and the A.I.E.E. and was one of the 
original members of the Prime Movers Committee. 


Professor W. T. Magruder, for many years head of the 
department of mechanical engineering at Ohio State 
University and an active member of the A.S.M.E. for 
more than fifty years died at Columbus, O., on June 21. 
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Cinder and Dust Elimination 
at the Washington Heating Plant* 


By F. P. FAIRCHILD and C. F. DIXON 


United Engineers & Constructors Inc. 


for Public Buildings in Washington, D. C., involved 
a problem in cinder and smoke elimination re- 
quiring a more effective and reliable solution than is 
ordinarily encountered. The plant was to supply steam 
for heating and other uses to practically all the public 
and semi-public buildings in the ‘‘Triangle District.” 
Considerations as to convenience of steam distribution, 
availability of property and proximity of fuel supply 
made it necessary to locate the plant quite close to the 
“Triangle District.” A large boiler plant was neces- 
sary in which great quantities of fuel would be burned 
and a design was required which would discharge prac- 
tically no soot or cinders to the atmosphere. The 
public buildings of white limestone, granite and marble 
could not be subjected to an atmosphere laden with 
cinders and soot. Trees, flowers and other vegetation 
would be damaged by the material ordinarily dis- 
charged from boiler plant stacks. 


(‘ior Public Buildin of the Central Heating Plant 





* From a paper presented at the Annual Meeting of the National District 
Heating Association, Philadelphia, June 11- 14, 1935. 


PLAN AT HOPPERS 
































This is a two-stage system consisting of 
a cinder trap to remove the coarser par- 
ticles and an electrostatic precipitator to 
remove the finer particles. The precipita- 
tors are arranged so that the flow of gas is 
vertical and the gas passages are of iron 
plate instead of concrete, as usually em- 
ployed. Tests over a wide range of coal 
burning rates on the stokers showed ef- 
ficiencies for the system from 89.2 to 94.9 
per cent. 


Various considerations unrelated to the subject of 
this discussion dictated a stoker-fired plant but con- 
tributory to that choice was the fact that it was be- 
lieved that removal of material from the stack gases 
could more reliably be accomplished with stoker firing 
than if pulverized fuel were adopted. With stoker firing 
a static cinder trap may be installed which will remove a 
considerable proportion of the entrained material under 
any conditions. This type of equipment is practically 
useless with pulverized fuel. Some form of hydraulic 


RAIN 
OEFLECTORS 


cs=aq 
«= 
Sssssasoss 
7 
H es 
L 
eer 























PRECIPITATOR PRECIPITATOR 


































































































Decincacelnsaciisied N - 
\ U 
* ty 
i / . 
J 0 X 
| P< \e 
INDUCED DRAFT paragon pit tacos 
my OL SSS i paren 
. L } a ae. 
- | ! Se Bt 
5} Sean = “A a ——— = at I 
| | END ELEVATION SIDE ELEVATION 


Fig. 1—General arrangement of precipitator installation 
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Fig. 2—Diagram of precipitator elements 




















or electric eliminator is necessary which is subject to 
possible failure at times, and failure of the system permits 
all of the fly ash to escape from the stacks. Both gas 
and oil firing were considered and rejected because of 
the high price (then present or probable) of these fuels. 
The capacity of the boilers was chosen so that the 
maximum rate of fuel burning per square foot of grate 
area would not be so high as to cause an excessive amount 
of cinders and coal particles to leave the fuel bed and be 
carried up through the boilers. However, with the fuel 





Fig. 3—One set of electrode plates 


burning rate kept down to the economic minimum there 
still would be an objectionable emission of cinders and 
dust. It, therefore, was considered necessary to install 
cinder-eliminating equipment that as nearly as possible 
would remove all cinders, dust and soot from the stack 
gases. 

It was concluded that a two stage system would be 
necessary to assure absolutely clean flue gases. The first 
designs contemplated a baffle type cinder catcher to 
remove coarse material followed by a wet scrubber to 
eliminate the fine material. Previous experience with 
the baffle type cinder catcher had demonstrated its 
efficiency for removing the coarser material. The wet 
scrubber while considered satisfactory from the stand- 
point of its ability to remove the fine material was open 
to two serious objections, first, under certain atmospheric 
conditions the cooled, moisture laden gases would flow 
downward after leaving the stacks, damage the build- 
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Fig. 4—Top of precipitator with insulators and hangers 


ings, foliage, etc., and objectionable fumes would enter 
the buildings through open windows; second, the dense 
vapors would be visible in cool weather and be objec- 
tionable from the standpoint of appearance. Further 
consideration of the matter led to the conclusion that a 
second stage consisting of electric precipitators would 
be most likely to produce satisfactory results. 

The general arrangement of the precipitators is shown 
in Fig. 1. The space available for the installation was 
limited and required a very compact arrangement. 

This precipitator is of a new design employing some 
novel and interesting features. While the design has 
been used in Europe and its merit demonstrated, only 
two of the six boilers have so far been equipped. It was 
desired to be sure that performance would be satis- 
factory before installing precipitators on all boilers. 
Experience and tests have demonstrated the efficacy 
of the equipment and the other boilers are now to be 
provided with precipitators. 

In precipitators heretofore used for pulverized fuel 
the gas passages have generally been of concrete in 
which the collecting electrodes were imbedded and the 
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flow of gas was horizontal. Drag chains moved 
against the sides of the gas passages, dislodged the ad- 
hering dust particles which then dropped to the hoppers 
at the bottom of the passage. In the precipitators at 
Washington the gases pass through vertically instead of 
horizontally and the gas passages are of iron plate in- 
stead of concrete. As shown somewhat diagrammati- 
cally in Fig. 2, the body of the precipitator consists of a 
number of vertical gas passages within which hang the 
discharge electrodes. The plates forming the sides of 
these gas passages constitute the collecting electrodes. 
The gas passages between the faces of the collecting 
electrode plates are 11'/, in. wide and the plates are 
1!/, in. back to back leaving a quiescent space between 
them. Fig. 3 shows one set of electrode plates as- 
sembled. It will be seen from these two figures that the 
plates have louvre-like slots punched in them with the 
openings upward so that dust collected on the surfaces 
will when dislodged fall through the slots into the dead 
space between the plates. In operation the particles of 
soot entrained in the stack gases are negatively charged 
by the high potential in the discharge electrode 
wires. This charge causes them to be attracted to the 
plates which are of positive polarity with respect to the 
discharge electrodes. These plates are jarred inter- 
mittently by a motor-driven rapping device which dis- 
lodges the particles adhering to them. The particles 
fall into and through the slots and thence down through 
the dead spaces between the plates to collecting hoppers 
at the bottom of the precipitators. From this point the 
dust is conveyed by a pneumatic system to the station 
ash disposal system. Fig. 4 shows the top of the pre- 
cipitator with discharge electrode insulators and hangers 
and the slots in the collector plates. 

The precipitator on one of the boilers was carefully 
tested at four different rates of operation. Three points 


showed elimination of 93.3, 94.8 and 94.9 per cent. 
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Fig. 5—Finished precipitator bottoms and vacuum system valves 





The fourth point was taken under very unfavorable and 
unusual conditions of operation and showed an elimina- 
tion of 89.2 per cent. The curve Fig. 6 shows the dust 
and cinder removal by the system at different rates of 
firing. It will be noted that the efficiency of the pre- 
cipitator is substantially constant over the range of 
operation shown. 

The tests brought out some interesting characteris- 
tics of this installation. When operating at a rela- 
tively low rate, 23 to 24 lb of coal per sq ft of grate area, 
the dust removed from the precipitator was light and 
somewhat fluffy and weighed about 7 Ib per cu ft. 
When operating at a higher rate, 40 to 45 Ib per sq ft of 
grate area, the precipitator dust was much heavier, 
averaging 30 Ib per cu ft. The power required was 
about 6 to 8 kw per boiler. 

During one of the preliminary boiler tests CO, was _ 
about 15'/: to 16 per cent and the condition of the fire 
indicated considerable smoke. The stack however 
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Fig. 6—Performance of cinder elimination system 









was clear during this run, indicating that the precipitator 
was taking out smoke as well as dust and cinders. Dur- 
ing this run the burning rate was 24 lb per sq ft of grate 
area. The quantity of dust removed by the precipitator 
was about 75 per cent greater than during other tests 
at the same burning rate, and contained considerable 
lamp black. The total flue dust produced by one boiler 
runs from 2000 Ib per day when burning 24 lb of coal per 
sq ft of grate area to 14,000 lb per day when the burning 
rate is 45 lb per sq ft. The dust removal equipment 
catches 96 to 97 per cent of this material. 

This installation was made under the direction of the 
Procurement Division, Public Works Branch, Treasury 
Department, N. S. Thompson, Chief of Mechanical 
Division and E. W. Goodwin, Engineer in Charge. The 
design and supervision were by United Engineers & Con- 
structors, Inc. 





Convenient Method of Deter- 
mining Moisture in Coal 


By WALTER H. WOOD, 


Combustion Engineering Co., Inc. 


HE results of tests of coal-fired steam generating 

equipment are affected, more than many engineers 

realize, by the method used in determining the 
moisture in the fuel. This is particularly true in the 
case of fuels having high moisture contents, such as lig- 
nite and the small sizes of anthracite. The amount of 
moisture in a coal governs its heating value. Therefore, 
if an error is made in the determination of moisture, there 
is a corresponding error in the heating value, and efficien- 
cies based on such heating values are not correct. 

Too often coal sampling is done in such a manner as 
to offset to some extent the care used in obtaining other 
important data during a test. In many instances, a 
laboratory may report incorrect moisture, due to im- 
proper methods, or to carelessness or indifference in 
handling the samples. The errors in making moisture 
determinations of coal samples are for the most part 
in one direction. Less moisture is likely to be reported 
by a laboratory than is actually in the fuel as fired. 
Heating values in such cases will be too high; efficiencies 
on evaporation tests will be low, and on heat balance 
tests, they will be high. 

A method of determining moisture in fuel, which com- 
bines speed and accuracy, is to remove the moisture by 
distillation, then condense and measure it. By use of 
this method, the total moisture in a sample of fuel can be 
determined every hour, or more often if desirable, during 
a test. The apparatus used in making the moisture 
determination is shown in the accompanying sketch. 
In determining moisture by this method, a sample of 
250 grams of the coal as fired is weighed, then quickly 
placed in a distillation flask, and the flask filled about 
half full of light oil distillate. The side tube of the flask 
is connected to a condenser, and at the outlet of the 
condenser is placed a 100 cc graduated cylinder. A 
flame from a Meker burner is placed under the flask. 
Some of the distillate is first distilled and condensed, and 
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Set-up for distilling moisture 


collects in the graduated cylinder. As distillation pro- 
ceeds moisture is distilled from the fuel, condensed and 
passes through the oil to the bottom of the cylinder. 
Distillation is carried on until no water is seen passing 
downward through the oil in the cylinder. The quantity 
of water is easily read, as there is a sharp line of demarka- 
tion between the oil and the water. The percentage of 
moisture in the fuel is the quantity in cubic centimeters 
divided by 250. 

In using a sample of 250 grams for distillation a slight 
error in weighing will not affect the result materially. 
For example, if the amount of water obtained by distil- 
ling 250 grams of coal is 12. 5 cc, the amount of moisture in 


Be- 


12.5 4 
the sample is , or 12.5 — = 
PP ay eo a 


cause of the large sample used, a small error made in 
weighing the sample will not affect the percentage of 
moisture materially. 

The following tabulation shows the moisture deter- 
mined by both the well-known bag method of air drying, 
and by the distillation method, on three eight-hour tests, 
when burning Texas lignite. 


5 per cent. 


Test 1 Test 2 Test 3 
Method of deter- 
mining moisture 
Total moisture 
in fuel, per cent 


Air drying Dist'n 
32.17 33.38 


Air drying Dist'n Air drying Dist’n 
32.97 3247 32.97 33.49 
It will be noted that the distillation method showed 

higher moisture content on the first and third tests, 

while on the second test the moisture by air drying was 

0.5 per cent higher than by distillation. 

The temperature in the flask during distillation usually 
ranges between 450 F and 475 F. Some volatile matter 
in the fuel may be driven off during distillation, but that 
apparently does not affect the moisture content. 

The oil distillate can be decanted and used again. 
Kerosene is not satisfactory as too violent boiling 
occurs, while moisture is being driven off. 

The equipment needed for making moisture deter- 
minations in this manner is simple and inexpensive. 
Care, rather than skill on the part of the operator, is all 
that is required to obtain correct results. No further 
treatment of the sample in a laboratory is necessary. 
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Graphical Analysis of 


Combustion Losses 


By H. M. HOLADAY Chemist 


Central Illinois Public Service Company 


OMBUSTION data in a coal fired steam boiler plant 
C are often analyzed into seven or more items of 
“‘losses’”’ for the purpose of accounting for the total 
heat input to the furnace. These losses, when added to 
the heat accounted for in the steam output of the boiler, 
complete the so-called heat balance, and the information 
thus revealed is of the utmost value to the engineer who 
uses his operating data scientifically to maintain maxi- 
mum efficiency. 

However, there are many good engineers to whom the 
complete analysis of combustion data seems impractical 
because of the apparently complicated and difficult 
calculations. This is especially true in many smaller 
plants where the chief engineer does not have a special- 
ized assistant for combustion control. Where it is 
necessary to combine combustion efficiency work with 
other supervisory duties it is not possible to do it in such 
detail as may be desirable in a larger organization. 
In such cases, graphical methods will give adequate 
results for the purpose of routine supervision. 


Classification of Losses 


The following classification includes the items usually 
deemed necessary for a fairly complete analysis of com- 
bustion losses. 


A. Heat lost in flue gases, due to: 


1. Moisture in the coal. 

2. Hydrogen in the combustible. 

3. Temperature of flue gases, above that of com- 
bustion air. 

4. Air in excess of that theoretically required 
for complete combustion. 

5. Incomplete combustion, as indicated by the 
presence of carbon monoxide in the flue gases. 

6. Humidity of the combustion air supply. 


B. Heat lost in refuse, due to: 


Combustible matter in the refuse. 
Temperature of the refuse above that of the 
coal entering the furnace. 


at 


C. Miscellaneous losses, usually unaccounted for, 
due to: 


Radiation. 

Combustible matter in the fly ash or smoke. 

Blow-down losses, including blow-down valve 
leakage. 

4. Steam leakage. 


adh dk 


Data Required for Calculation of Losses 


All of the flue gas and refuse losses can be accounted 
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for by calculation from the following items of pre- 
liminary data. 


Ultimate analysis of the coal. 

Orsat analysis of the flue gases. 

Flue gas temperature. 

Combustible content of dry refuse. 

Temperature of refuse. 

Wet and dry bulb temperatures of combustion air. 


Po > — po 


Of the miscellaneous losses, radiation, smoke and 
steam leakage, cannot be estimated directly. Occasion- 
ally, it may be possible to check the blow-down losses, 
with certain arrangements of the system. In a con- 
tinuous blow-down system, with a meter and thermome- 
ter on the discharge, this loss can be either accounted 
for, or shown to be nil. With intermittent blow-down, 
the loss cannot be measured unless some calibration can 
be made by means of an accessible tank or sump in the 
blow-down line. 

The following figures represent the conditions con- 
sidered in the examples worked out in subsequent para- 
graphs to illustrate each class of heat loss. 


1. Ultimate analysis of coal. 


As Received 
Dry (13.5 per cent 
Per cent moisture) 
Carbon Cc 74.0 64.0 
Hydrogen H 4.6 5.5 
Oxygen Oo 9.2 20.0 
Nitrogen N 1.2 1.0 
Sulphur Ss 1.2 1.0 
Ash A 9.8 8.5 
Heating value, Btu per Ib 12950 11200 


bo 


Flue gas analysis. 


Carbon dioxide, CO, 13.3 per cent; Oxygen, O2 
6.2 per cent; Carbon monoxide, CO 0.4 
per cent. 


Flue gas temperature, 310 F. 
Combustible content of dry refuse, 13.5 per cent. 


Temperature of refuse, 1700 F. 


eo PS 


Temperature of combustion air, 88 F dry bulb; 
79 F wet bulb. 


Major Losses 


Mo!IsTuRE—During the combustion of the coal, all of 
the moisture is evaporated and superheated, thereby 
absorbing some heat which is not recovered in the boiler 
before the gases escape to the stack. Besides the latent 
heat of vaporization, a certain amount of sensible heat is 
lost depending on the temperature of the exit gases. 
Letting H, represent the heat content of the super- 
heated water vapor, in Btu per pound, M the moisture 
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content and ¢ the initial temperature of the coal, then 
the loss, Lm, is indicated by the following formula: 


Lm = M(Hm — t +32) (1) 


From a table of the properties of superheated steam, 
or from Fig. 1, the heat content of the water vapor, Hn, 
may be determined. For example, at 310 F, Hm = 1198 
Btu per pound. With 13.5 per cent moisture in the coal, 
at an initial temperature of 88 F, the loss would be: 


Im = 0.185 (1198 — 88 + 32) 
= 154 Btu per lb of coal. 


HYDROGEN IN COMBUSTIBLE MATTER—The combus- 
tion of hydrogen in the volatile constituents of the coal 
results in the formation of water vapor in addition to the 
moisture initially present in the fuel. The unre- 
covered heat from this source may be calculated in a 
way similar to the use of formula (1). Since each pound 
of hydrogen is equivalent to nine pounds of water, the 
weight of water formed from the hydrogen, H, in each 
pound of coal is equal to nine times the hydrogen content. 
The loss, Ly, which includes that due to the original 
moisture in the coal, may be expressed as follows: 


Ly = 9H(Hm — t + 32) (2) 
With 5.5 per cent total hydrogen in the coal, 


Ly = 9 X 0.055 X 1142 
565 Btu per Ib coal. 


i il 


The loss, L;, due to the hydrogen in the combustible 
only, would be the difference between 565 and 154, or 411 
Btu per pound of coal. A formula for calculating this 
figure directly may be derived by a combination of 
formulas (1) and (2). Thus, 


Ly = (9H — M) (Hm — t + 32) (3) 


TEMPERATURE OF FLUE GASES, AND Excess AIR— 
The constituents of the dry flue gases may be calculated 
on the basis of either weight or volume, from the ele- 
mentary chemical equations representing the combus- 
tion reactions. Thus, 
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Fig. 2—Sensible heat content of gases 


(From ‘Principles of Chemical Engineering’ by Walker, Lewis and McAdams) 


(a) c + O2 = CO, 
(b) 2H: -4- O. = 2H:0 
(c) S + O. = SO, 


Since the coal analysis is expressed in terms of weight, 
and the flue gas analysis in terms of volume, it is conveni- 
ent to make use of another term, expressing in molecular 
proportions both volume and weight, for calculations 
involving both fuel and the products of combustion. 
This term is the “mol,’’! which is the weight in pounds 
equivalent to 359 cu ft of a substance in the gaseous state 
at standard conditions. Equivalent weights and vol- 
umes on this basis are indicated in Table I. 

It is an interesting fact that, while the specific heats, 
in Btu per pound, for various gases vary greatly, yet 
when expressed in terms of Btu per mol they are remark- 
ably uniform. Fig. 2 shows the relatively constant 
rate of increase in heat content for the various gases 
involved in combustion calculations. In order to 
simplify these calculations the curve indicated by the 
broken line in Fig. 2 may be assumed to represent the 
average sensible heat content per mol for the flue gas. 

With this information, all that remains is to determine 
the number of mols of gas produced by one pound of coal. 
This is relatively easy for theoretically complete com- 
bustion without excess air, making use of the figures in 
Table I which shows the fraction of a mol equivalent to 
one pound of each combustible constituent in the coal. 

Reaction (a) shows that one mol of carbon reacts with 
one mol of oxygen, thereby producing one mol of carbon 
dioxide. One pound of carbon would therefore produce 
one-twelfth or 0.083 mol of carbon dioxide. Likewise, 
if one pound of coal contains 64.0 per cent of carbon it 


1 Marks’ Mechanical Engineers’ Handbook defines the mol as follows: 
“The mol is frequently taken as the unit of weight for gases, The mol is 
defined as m lb where m denotes the molecular weight; thus for oxygen 1 mol = 
32 lb. For any gas, therefore, the volume of 1 mol at 32 F and atmospheric 
pressure is 358.65 cu ft. 
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will require 64.0 per cent of 0.083 mol, or 0.053 mol of 
oxygen and will produce 0.053 mol of carbon dioxide. 
Letting C represent the carbon content of the coal in a 
general formula, the oxygen required and the carbon 
dioxide produced on account of this constituent will be 
represented by the expression 0.083 C. 


Letting H; and H, represent these values, which may 
be determined from Fig. 2, the loss, Z;, due to sensible 
heat not recovered from the dry flue gases, is expressed as: 


L, = (H,—H,)_ {(0.083 C + 0.031 S) 
+ [3.78 (1 + £) + E] (0.083 C + 0.031 S + 0.25 H — 0.031 2 


TABLE I—EQUIVALENT WEIGHTS AND VOLUMES 








Carbon, C Sulphur, S Hydrogen, Hs Oxygen, Os Carbon dioxide, CO: 
Lb Cu Ft Mols Lb Cu Ft Mols Lb Cu Ft Mols Lb Cu Ft Mols Lb Cu Ft Mols 
12 359 1 32 359 1 2 359 1 32 359 1 44 359 1 
1 29.9 0.083 1 11.2 0.031 1 179.5 0.50 1 11.2 0.031 1 8.2 0.023 








Since the carbon dioxide determination in the Orsat 
analysis includes sulphur dioxide also, the total volume 
determined as carbon dioxide in the flue gases from one 
pound of coal will be 0.083 C + 0.031 S. This would 
represent the total volume of gas produced, except 
moisture, if the combustion had taken place in pure 
oxygen. But in air, the oxygen is diluted by 3.78 times 
its volume of nitrogen. Referring to reactions (a), (0d) 
and (c) again, it is observed that one mol of either carbon 
or sulphur requires one mol of oxygen plus 3.78 mols of 
nitrogen, when burning in air. However, one mol of 
hydrogen requires only 0.5 mol of oxygen. The total 
volume of nitrogen left from the air used for com- 
bustion may therefore be represented as 3.78 (0.083 C + 
0.031 S + 0.250 H). Since coal always contains a cer- 
tain amount of oxygen, the amount required from the 
air is reduced accordingly. The expression for nitrogen 
in the flue gas, corrected for the oxygen content of the 
coal, would thus be 


3.78 (0.083 C + 0.031 S + 0.250 H — 0.031 O) 


The theoretical volume of dry flue gas mixture is the 
sum of this nitrogen and the carbon dioxide, or 


0.083 C + 0.031 S + 3.78 (0.083 C + 0.031 S + 0.25 H — 0.031 O) 
= 4.78 (0.083 C + 0.031 S) + 3.78 (0.25 H — 0.031 O) 


The actual volume of dry flue gas is always greater 
than this because some excess air is necessary to secure 
complete combustion. Letting E represent the propor- 
tion of excess air, the actual amount of dry flue gas, in 
mols per pound of coal, is expressed as follows: 
(0.083 C + 0.031 S) + £ (0.083 C — — 0.031 O) 

carbon dioxide 


+3.78(1 + £) (0.083 C + 0.031 S + 0.25 H — 0.031 0) 


nitrogen (4) 


This expression separates the mixture into the com- 
ponents as determined by an Orsat analysis. The same 
expression may be rearranged to indicate all of the excess 
air separately. Thus, 


(0.083 C + 0.031 S ) + 3.78 (0.083 C + 0.031 S + 0.25 H — 
carbon dioxide residual nitrogen from the theoretical 
air supply 
0.0810) ++ 4.78 E (0.083 C +.0.031 $ + 0.25 H — 0.031 0) (5) 
excess air 


Simplified, either (4) or (5) may be written as follows: 


(0.083 C + 0.031 S) + [3.78 (1 + E) + E] (0.083 C + 0.031 S + 
0.25 H — 0.031 O) 6) 


As previously indicated, this expression represents 
the number of mols of dry flue gas mixture produced by 
the combustion of one pound of coal. With this deter- 
mined, the heat loss can be figured by multiplying the 
number of mols by the increase in heat content from the 
combustion air temperature to the exit temperature. 
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Since excess air is not determined directly, but must 
be calculated from the results of an Orsat analysis, an 
expression for E in terms of CO, must be derived, so that 
the value of E may be substituted in formula (7). It is 
evident from expressions (4), (5) and (6) that the CO, 
content, that is, the ratio of carbon dioxide to the total 
volume of dry flue gases, may be written as follows: 


0.083 C + 0.031 S 


0.083 C + 0.031 S + [3.78 (1 + E) + E] (0.083 C + 
0.031 S + 0.25 H — 0.031 O) (8) 


CO; = 





From formula (8), E may be expressed in terms of COs. 


(0.083 C + 0.031 S) (1 — CO:) 


on 4.78 CO; (0.083 C + 0.031 S + 0.25 H — 0.031 O) 





— 0.79 (9) 


In order to avoid dealing with extremely small decima 
fractions, formula (9) may be rewritten using, instead of 
mols, values for equivalent cubic feet per pound, as indi- 
catedin TableI. Then, 


(29.9 C + 11.28) (1 — CO.) 
4.78 CO;(29.9C + 11.28 +89.8H—11.20) 


Substituting the assumed value of 0.133 or 13.3 per 
cent CO, in formula (10), and using figures from the 


E= — 0.79 





(10) 
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Fig. 3—Principal combustion losses 
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Fig. 4—Heat loss in dry flue gas 


assumed coal analysis previously stated, it is found that 
E = 40.5 per cent. 

Substituting this, in turn, in formula (7), and finding 
H, and H; from Fig. 2 with the combustion air tempera- 
ture at 88 F and the exit temperature at 310 F, the loss is: 


L, = (2000 — 405) [0.053 + (3.78 X 1.405 + 0.405) 0.061] 
1595 X 0.4038 
643 Btu per lb coal. 


Graphical Determination of Major Losses 


Many forms of graphical expression may be used to 
represent the losses calculated by the foregoing method. 
The alignment chart? is convenient to use when construc- 
ted with properly selected scales. It has some limita- 
tions, however, and the conventional chart with rec- 
tilinear co-ordinates is, on the whole, more easily con- 
structed and more usable for the average engineer. 
Fig. 3 illustrates a convenient form. The CO: curve will 
vary slightly in form and position, depending on varia- 
tions in the coal analysis. However, rather extreme 
variations in the analysis are necessary to produce very 
much of a shift in the curve. For this reason, a single 
curve, when once constructed on the basis of a repre- 
sentative analysis, will serve all practical purposes so 
long as a very radical change is not made in the coal 
supply. For example, with the specimen analysis used 
for Fig. 3, a carbon dioxide content of 13.3 per cent in the 
flue gas indicates 40.5 per cent excess air. A carbon 
content of 74.0 per cent instead of 64.0 per cent in the 
coal will make the chart 2.5 per cent too low. That is 
13.3 per cent carbon dioxide should indicate 43.0 per cent 
excess air instead of 40.5 per cent. Hydrogen varia- 


2 Ice and Refrigeration, Feb. 1935, p. 134. 
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A decrease of 
1 per cent in the hydrogen content, corrected for mois- 
ture, would make the chart 5.5 per cent low in excess air. 

In Fig. 3, a series of lines is drawn to represent 


tions are more important in this respect. 


various flue gas temperatures. At the point where the 
temperature line intersects the co-ordinate corresponding 
to the excess air, the total losses due to moisture, hydro- 
gen, excess air and flue gas temperature, are found 
on the right-hand vertical scale. In the example dis- 
cussed, the sum of these losses is 1210 Btu per pound of 
coal. This is somewhat less than the figure shown on the 
chart, because an assumed value of 70 F instead of 88 F 
for the initial temperature of the combustion air was 
used in preparing the chart. The calculated loss for 70 F 
initial temperature is 1270 Btu, a discrepancy of 60 Btu 
or 5 per cent for 18 deg initial temperature difference. 
SEPARATE CHARTS FOR MOISTURE, HYDROGEN AND 
Dry FLvueE Gas Losses—If the moisture content is 
likely to change very radically, it may be found advisable 
to modify Fig. 3 so as to indicate only losses in the dry 
flue gases. This would simply shift the position of the 
right-hand vertical scale as shown by Fig. 4. Another 
chart, Fig. 5, shows separately the moisture losses. 


Minor Losses 


Loss Due TO INCOMPLETE COMBUSTION—The oc- 
currence of carbon monoxide in the flue gas indicates 
that something is radically wrong with combustion 
conditions. It is seldom found in the normal operation 
of boilers with adequate combustion supervision. Even 
a small carbon monoxide content may indicate an ap- 
preciable heat loss, because the amount of heat de- 
veloped in the formation of carbon monoxide is much 
less than that generated by complete combustion to 
carbon dioxide. The following reactions indicate this: 
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Fig. 5—Combustion losses due to hydrogen 
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Fig. 6—Per cent CO, in flue gas 


2C+ O, = 2CO ( 4880 Btu per lb carbon) 
2C = 2 


+ 20, CO, (14540 Btu per Ib carbon) 


Thus, for every pound of carbon burned to carbon 
monoxide instead of to carbon dioxide, the loss is the 
difference between 14,540 and 4380 Btu, or 10,160 Btu. 


The ratio, , indicates the proportion of the 


Co, + CO 
total carbon which has been burned to carbon monoxide. 
The 10,160 CO 

—" COs + CO 
pound of carbon. Letting C represent the carbon con- 
tent of the coal, the loss, Lo, may be determined in Btu 
per pound of coal, by the following general formula. 


10,160 X C X CO 
CO, + CO 








Leo = 





(11) 


Substituting values previously stated for illustration. 


10.160 X 0.64 X 0.004 


Leo = 0.133 + 0.004 
= 190 Btu per lb coal. 





A chart, like Fig. 6, covering a relatively wide range of 
conditions can be constructed easily to show at a glance 
any loss due to the formation of carbon monoxide. 

HvuMIDITY OF COMBUSTION AIR SuPPLY—Except under 
rather extreme conditions, or when a very detailed 
analysis of losses is to be made, the heat carried away 
by the water vapor initially in the combustion air is 
an insignificant quantity and may be included with other 
items of unaccounted for loss. However, if the wet and 
dry bulb temperatures are read, it is not difficult to cal- 
culate the loss. It is first necessary to determine the 
weight of air, W, used for combustion. A review of 
expression (4) indicates a convenient method of figuring 
this value. The weight of one mol of oxygen being 32 
Ib, and air being 4.35 times the weight of its oxygen, the 
following formula may be written: 


W = 4.35 X 32 (0.083 C + 0.031 S + 0.25 H — 0.031 O) (1 + £) 
= (11.5C + 4.3558 + 34.6H — 4.30) (1+ £) (12) 


From a psychrometric chart or table, the amount of 
moisture in the air can be determined by the wet and dry 
bulb temperature readings. The moisture, M, is usually 
indicated in terms of grains per pound of dry air. Refer- 
ring back to Fig. 1 for the heat content, H», and Hy», 
at the initial and exit temperatures, the loss Ly, may be 
written as follows: 


W M (Hn — Hn) 


Le = 7000 





(13) 
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Substituting in formula (12) figures from the specimen 


coal analysis, and assuming 40.5 per cent excess air, 
W = (7.36 + 0.04 + 1.90 — 0.86) 1.405 

8.44 X 1.405 

11.86 lb air per Ib coal. 


If the temperature of the combustion air is 88 F, 
dry bulb, and 79 F, wet bulb, the humidity is 134 gr 
per lb of dry air. Assuming an exit temperature of 310 
F, for determining H;,, the loss is figured as follows: 


1, = 11.86_X 134 (1198 — 1097) 





7000 
= 23 Btu per lb coal. 


In this case, the loss due to humidity is negligible for 
practical purposes. Where it is found to be sufficient 
to justify routine determination, a chart may be pre- 
pared to cover the necessary range of conditions. A 
convenient form of such a chart is shown in Fig. 7. This 
chart was prepared on the basis of an assumed initial air 
temperature of 70 F. 

COMBUSTIBLE MATTER IN REFusE—Theashand clinker 
discharged from the furnace always contain an appreci- 
able amount of unburned carbon. This results in a loss 
which may perhaps be reduced, but cannot be entirely 
eliminated without incurring, below the optimum, a still 
greater loss in other ways, mainly by increasing excess air. 

The amount of refuse combustible per pound of coal is 
equal to the combustible content of the refuse times the 
amount of refuse per pound of coal. Letting A repre- 
sent the ash content of the coal, and C,, the combustible 
content of the refuse, then C,, the refuse combustible 
per pound of coal, may be expressed as follows: 


(14) 
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Fig. 7—Loss due to humidity of air 





For extreme accuracy it would be necessary to measure 
the actual heating value of the refuse in order to deter- 
mine the amount of heat loss. However, for ordinary 
purposes it is preferable to assume that all of the com- 
bustible in the refuse is carbon with a heating value of 
approximately 14,540 Btu per pound. The loss, L, 
may then be shown by the following formula: 


14,540 C, A 


L, = 1-—C 


(15) 
With an ash content of 8.5 per cent in the coal, and 
13.5 per cent combustible matter in the refuse, the loss is: 


14,540 X 0.1385 X 0.085 


+“ 0.865 
= 193 Btu per Ib coal. 





A chart may be prepared to cover the normal range of 
conditions in any plant, and the loss thus shown graphi- 
cally, as in Fig. 8. 

TEMPERATURE OF REFUSE—The heat content of the 
refuse is usually a negligible loss, and since it is difficult 
to measure accurately, this item is often included in 
the unaccounted for losses. 

The weight of refuse per pound of coal is equal to the 


ash content of the coal plus the combustible refuse, or 
A 


rac: This quantity, multiplied by the specific 


COMBUSTION LOSS DUE TO 
COMBUSTIBLE MATTER IN REFUSE 
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Fig. 8—Loss due to combustible in refuse 


heat, s, of the refuse and also by the difference between 
the discharge temperature, ¢’, of the refuse, and the initial 
temperature, ¢, of the coal, determines the amount of 
heat lost. This loss, Zz, may be expressed as 
_ As(t! — t) 


L, = (16) 


It will rot usually be considered worth while to deter- 
mine the specific heat of the refuse. An assumed value 
of 0.2 may be used for this item. The refuse tempera- 
ture should be measured with a pyrometer as it is dis- 
charged from the furnace. If it is found that the dis- 
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Fig. 9—Loss from sensible heat in refuse 


charge temperature is too low for measurement with an 
optical pyrometer, the loss may be neglected. 

With 8.5 per cent ash in the coal, 13.5 per cent com- 
bustible in the refuse, 88 F initial temperature of the 
coal, and 1700 F discharge temperature of the refuse, the 
loss is found as follows: 

a 0.085 X 0.2 (1700 — 88) 


1 — 0.135 
= 32 Btu per lb coal. 





A chart similar to Fig. 9 may be prepared for routine 
estimates of this loss. 


The Heat Balance 


A typical heat balance is shown in Table II. Item 1 
is determined by measuring the output of the boiler. 
Items 2 to 8, inclusive, cover the various losses analyzed 
in the foregoing discussion and are determined either 
graphically or by calculation. For convenient reference, 
a formula is given for the calculation of each item of loss, 
and in another column the corresponding chart for 
graphical solution of the problem is indicated. Item 9, 
of course, is determined by subtracting the sum of items 
1 to 8, inclusive, from item 10. 


TABLE II—TYPICAL HEAT BALANCE 











Btu per Ib 
Item Formula Chart coal Per cent 
1 Heat absorbed by boiler 9216 82.3 
Flue gas losses: 
2 Moisture in coal (1) Lm = M(Hm — t + 82) Fig. 5 154 1.4 
3 Hydrogen in combustible . (3) La = (9H — M) (Hm — t + 32) Fig. 5 413 3.7 
4 Sensible heat in dry gases and excess air (7) Le = (H's — Hs) {(0.083C + 0.031S) + [3.78 (1 + E) + E] (0.083 & t 0.032 S +3 H - a 
Fig. : 
5 Incomplete combustion (11) Leo = 10160 X C X CO Fig. 6 190 1.7 
CO: + CO 
6 Humidity of combustion air supply (13) L = WM(Hm—Hm) i 
Refuse losses: : Fig. 7 23 0.2 
‘ . 14540 CaA ‘ 
7 Combustible matter in refuse (15) Le = sy Fig. 8 193 Bee 
— a 
8 Sensible heat in refuse (16) Le = 480 — 8 Fig. 9 32 0.3 
9 Losses unaccounted for 336 3.0 
10 Heating value of coal 11200 100.0 
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Pressure Distribution in a. 


Long-Throat Steam Nozzle 


Investigations conducted at Pennsyl- 
vania State College showed that with a 
nozzle of this type there is no drop in 
pressure below the critical within the 
nozzle; also, if a high discharge co- 
efficient be used, the discharge should be 
based on the pressure drop to some inter- 
mediate pressure near the beginning of 
the throat rather than the pressure at the 
end of the throat. 


STUDY of the pressure drop through a long 
throat nozzle with a view to determining how 
accurately such a device can serve as an impro- 

vised flow meter was recently made in the mechanical 
engineering laboratory at Pennsylvania State College. 
Fig. 1 shows the arrangement of apparatus. A rounded 
entrance nozzle, six inches long, with an 0.749 in. throat 
diameter and 55/, in. throat length, was equipped with a 
search tube of 0.407 in. diameter for measuring the 
static pressure at any point along the axis. This search 
tube was carefully aligned on brackets placed inside the 
expansion chambers on each end of the nozzle. These 
large chambers reduced entrance and exhaust velocities. 

The position of the search tube was indicated on the 
scale at the right. Three small pressure holes, all in the 
same radial plane, were made in the tube. The impor- 
tant fact to note is that the search tube was closed at the 
left-hand (high-pressure) end and the holes for deter- 
mining pressure were placed not near the end but far 
enough back so that the tube would still extend through- 
out the entire length of the nozzle even when the tube 
was drawn back to read the pressure at the exhaust end. 

All piping was well insulated to minimize heat losses. 

Fig. 2 is a plot of the pressures as determined at 
various points along the nozzle. The abscissa shows the 
position along the nozzle where the pressures were deter- 
mined. To the left of the zero position is naturally the 
chamber before the nozzle; the zero position indicates 
the beginning of the nozzle; */s in. the beginning of the 
long throat; and 6 in. the end of the throat. 

Nine complete runs were made, five with the back 
pressure less than the critical pressure and four with the 
back pressure greater then the critical pressure. In the 
case of the former, it was found that the critical pressure 
was not reached until the very end of the throat; and 
in the latter case, the back pressure was not reached until 
the end of the throat. This is to be expected, as the 
long throat will cause a wire drawing effect. Runs were 


made with the initial condition of the steam practically 
dry, or slightly superheated, the critical pressure being 
always in the wet saturated region. 
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The actual quantity flowing was measured by con- 
densing and weighing the steam. The theoretical 
flow was computed by the continuity of mass equation, 


area X velocity 
specific volume 





The area used was that of the annular space between 
the nozzle and the tube. 

The velocity was computed on the basis of an iso- 
entropic heat drop from the well known equation, 


velocity = 223.8 +/h, — hy. 


The symbol /, refers to the heat content of the high- 
pressure steam (determined by calorimeter) and he is the 
heat content at the pressure existing at the point where 
the velocity is computed. 

The coefficient of discharge was then computed as the 
ratio of the actual flow to the theoretical. These co- 
efficients computed in accordance with the pressures 
noted at distances of */s, 1, 2, 3, 4, 5 and 6 in. are shown 
in the plot of Fig. 3. It is seen that the least dispersion 
of coefficients occurs at a position two inches along 
the nozzle. A good general value at this point would be 
0.84. This can be used with reasonable accuracy re- 
gardless of whether the back pressure is greater or less 
than critical. It will be noted that, in general, the co- 
efficients at other points have a tendency to run higher 
for the runs made with back pressures less than critical 
than for the other runs. However, if a gage be placed 
at the two-inch position, it is seen that the flow computed 
therefrom could be corrected with the coefficient 0.84 
regardless of the back pressure. 

The data here presented checked data previously 
determined on a similar type of nozzle having a diameter 
of 0.25in. This had been tested without a search tube, 
pressures being determined by gages attached rigidly to 
the apparatus. It is seen that for a nozzle of this type 
having a high ratio of length of throat to diameter of 
throat, if a high discharge coefficient is to be used, the dis- 
charge should be based on the pressure drop to some 
intermediate pressure near the beginning of the throat, 
rather than the pressure at the end of the throat. Fur- 
thermore, the small pressure drop which will then be ob- 
tained can be determined accurately by a differential 
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gage, thus eliminating the possible error due to a differ- 
ence between spring gage readings. 

On the plots, runs numbered 2, 5, 6, 7 and 10 were 
made with the back pressure less than the critical pres- 
sure, and the remaining runs had the back pressure 
greater than the critical, with the exception of run num- 
ber 8, for which the back pressure was held at the critical 
value, and whose pressures practically duplicate those 
of run number 7, as shown in Fig. 2. 

It is seen that with a nozzle of this type, there is no 
drop in pressure below the critical within the nozzle. 
Also, for all the runs made, the time required for the 
steam to pass through the nozzle is extremely short—less 
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Fig. 2—Pressures plotted against points along the 
nozzle 





Fig. l1—Arrangement of apparatus for testing long-throat nozzle 


than 1/1000 of asecond. Obviously, 
then, with superheated steam ex- 
panding into the wet vapor region, 
supersaturation will occur, and re- 
covery from supersaturation will not 
take place until after the steam 
leaves the nozzle. For the set of 
initial conditions used in the test 
runs, however, the quality of the 
steam at the critical pressure was 
always high, over 96 per cent, so 
that computations based on super- 
saturated flow (using PV1-* = const.) 
do not differ widely from those based 
on isoentropic conditions. Further- 
more, if flow is based on conditions 
at the two-inch position, the quality 
is still higher than at the critical 
pressure, so that the discrepancy 
between the two methods becomes 
very small, the discharge coefficient 
in general running slightly lower 
when flow is computed according to 
supersaturated conditions. For ex- 
ample, take run number 2; the coefficient under isoen- 
tropic condition is 0.875, and under supersaturated con- 
ditions, 0.866. For the 6-in. position, the coefficient 
under isoentropic conditions is 0.838, and under super- 
saturated conditions is 0.816. For this run, the steam 
had an initial superheat of 7 degrees. Where the ini- 
tial superheat is higher, as for example in run number 
5, where it is 36 degrees, the correlation is still better, 
as the coefficients at the 2-in. position are, respec- 
tively, 0.850 and 0.842. As the supersaturated flow 
method is somewhat more laborious than the simple 
isoentropic flow method, it can be concluded that the 
latter can be used with good accuracy in flow meter work. 
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Fig. 3—Coefficients of discharge plotted against 
distance along nozzle 
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Influence of Time 


on Creep of Steels® 


By 


A. E. WHITE, Director, Dept. of Engineering Research, Univ. of Michigan 
C. L. CLARK, Research Engineer, Dept. of Engineering Research, Univ. of Michigan 
R. L. WILSON, Metallurgical Engineer, Timken Steel and Tube Co. 


Extended-time creep tests conducted at 
1000 F on plain carbon steel and chro- 
mium-silicon-molybdenum steel, indicate 
that at least in two cases considered, the 
500-hr test is a more conservative criterion 
than the 1000-hr test. The assumption 
ordinarily made that a creep rate of 0.10 
per cent per 1000 hr represents a creep rate 
of 1.0 percent per 10,000 hris inconsequence 
open to question, at least for some steels. 
Indications are that for the plain carbon 
steel this hypothesis may be approximately 
true but for the chromium-silicon-molyb- 
denum steel this relationship was not 
found. In fact, the stress giving this 
creep rate at the end of 1000 hr produces, 
after 5000 hr, a creep rate of 1.0 per cent 
per 1000 hr. 


N DETERMINING the creep characteristics of 
metals at elevated temperatures, there has always 
been a question as to the length of time these tests 

should be conducted. The ideal procedure would be 
to maintain specimens under the desired operating 
stresses and temperatures for time periods equivalent 
to the commercial life desired. For the majority of 
cases, however, this is not possible as the erection of the 
apparatus could not be sufficiently delayed to permit 
completion of the creep tests. Moreover, if such a 
procedure were followed, the amount of available creep 
data would be extremely small and the laboratory phase 
of the work would consequently fall considerably behind 
commercial progress, thus making the selection of the 

proper metals for high-temperature service even more a 

matter of chance than at present. 

Present-day creep tests are extended for periods 
ranging from a few hours to several thousand hours, 
with the vast majority probably falling within the range 
of 500 to 1000 hr. Irrespective, however, of the time 
involved in the tests, it is customary to report the 
results in terms of the stresses required for creep rates of 
1 per cent in either 100,000 or 10,000 hr. These results 
are obtained on the assumption that a creep rate of 0.01 





* From a paper before the Thirty-eighth Annual Meeting of the American 
Society for Testing Materials, at Detroit, Mich., June 24-28, 1935. 
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per cent per 1000 hr is equivalent to 1.0 per cent per 
100,000 hr and 0.10 per cent per 1000 hr equivalent to 
1.0 per cent per 10,000 hr. Certain groups are now 
advocating that the results be expressed in terms of . 
either inches per inch per hour, or per cent per hour. 
This procedure has the advantage that, through ex- 
trapolation, the results can readily be expressed in any 
given units. The importance of the time factor is not 
eliminated, however, and the time period at which the 
rate is computed should be stated. 

The purpose of this paper is to present data from creep 
tests which have been in progress for several thousand 
hours and to indicate how the creep characteristics may 
vary, depending upon the duration of the tests. Also, 
in order that the complete time-elongation characteris- 
tics might be obtained, certain of the stresses were pur- 
posely chosen of sufficient magnitude actually to cause 
rupture at certain periods during the progress of the tests. 


Materials 


Two steels were submitted to the extended-time creep 
tests, one of which was a plain carbon steel of the S.A.E. 
1015 type and the other a low-alloyed chromium-silicon- 
molybdenum steel. Both were secured from The 
Timken Steel and Tube Co. and were melted in a com- 
mercial electric furnace. The material was heat-treated 
in the form of 1-in. round bars and the specimens were 
machined after the heat treatment. Information con- 
cerning their chemical composition, heat treatment, 
Brinell hardness and “inherent” grain size is given in 
Table I. 


TABLE I—CHEMICAL COMPOSITION, HEAT TREATMENT, 
BRINELL HARDNESS AND GRAIN SIZE OF STEELS 
Chemica! Composition, Per Cent Brinell 

Designa- Car- Man- Sili- Chro- Molyb- Hard- Grain 


tion mium denum Heat Treatment ness Size 
S.A.E. 
1015 0.15 0.50 0.23 


Cr-Si-Mo 0.07 0.42 0.72 


bon ganese con 


“a és Annealed at 1550 F 134 4to5 
1.25 0.54 Annealed at 1550 F 123 4to5d 


Both steels were tested in the same condition of heat 
treatment, the annealed, and both possessed the same 
“inherent” grain size. They differed slightly in their 
hardness with the carbon steel being somewhat the 
harder. Their chief difference, however, was in their 
chemical composition. 


Test Procedure 


The standard creep-testing apparatus of the Univer- 
sity of Michigan, was used for these tests. , The elonga- 
tion or creep is measured by an optical extensometer 
system capable of reading to 0.0000028 in. per inch of 2- 
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Fig. 1—Time-elongation curves at 1000 F for carbon steel 
(electric) 


in. gage length. Standard 0.505-in. diameter speci- 
mens were used and the collars of the extensometer 
system were attached at both ends of the 2-in. gage sec- 
tion. All the testing details were in agreement with 
the A.S.T.M. Tentative Method of Test for Long-Time 
(Creep) High-Temperature Tension Tests of Metallic 
Materials (E 22-34 T).! 

Five different stresses, ranging from 13,000 to 34,100 
Ib per sq in., were applied to the alloy steel and two, of 
4000 and 6000 Ib per sq in., to the plain carbon steel. 
Elongation readings were taken daily and the results 
plotted as time-elongation curves. The slopes (creep 
rate) of these curves were determined at approximately 
500-hr intervals and the rates thus obtained plotted 
against the corresponding times. The creep rates, for 
the various times, were then plotted on logarithmic co- 
ordinates with the corresponding loads, and the stresses 
for definite creep rates (0.01, 0.10 and 1.0 per cent per 
1000 hr) thus computed. In order to show the influence 
of time on the reported values, these creep values were 
then plotted against time. 

To facilitate the reproduction of the various figures, 
the sensitivity of the scale of plotting has in certain cases 
been greatly reduced. This applies especially to the 
time-elongation and the time-rate of creep curves. Aill 
of the reported values, however, were obtained from the 
original, and not the reduced, scales. 


Creep Test 


Results are presented from creep tests at 1000 F ona 
plain carbon steel and on a chromium-silicon-molybde- 
num steel, both of which were in the annealed condition. 
Two stresses, of 4000 and 6000 lb per sg in., were con- 
sidered in the case of the carbon steel and five, ranging 
from 13,000 to 34,100 Ib per sq in., with the alloy steel. 
The tests on the plain carbon steel have now been in 
progress for approximately 8500 hr and those on alloy 
steel from 2000 to 8000 hr. The time-elongation curves 
obtained are given in Figs. 1 and 2. As stated pre- 
viously, the sensitivity of the elongation scale has been 
greatly reduced in both figures to facilitate reproduction. 


Time Versus Elongation 


Fig. 1 gives the results obtained with the carbon steel. 
It is to be noted that the curve for the lower stress, 4000 
Ib per sq in., is plotted to a scale ten times as sensitive as 
that used for the larger stress. The rate of creep (slope) 
was determined for various time-intervals, which aver- 





1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1223 (1934); 
also 1935 Book of A.S.T.M. Tentative Standards, p. 1147 
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aged about 500 hr, and the resulting rates, expressed in 
terms of per cent per 1000 hr, are indicated on the curves. 
Neither of these specimens has as yet fractured and the 
tests are still in progress. 

Corresponding results for the alloy steel are given in 
Fig. 2. In this case certain of the stresses were purposely 
chosen of sufficient magnitude to cause fracture. This 
was done in order that the complete time-elongation 
curves would be obtained, thus showing the behavior of 
the material in the so-called third stage of creep (stage of 
increasing creep rate), as well as in the first and second 
stages. In order to produce this condition, however, 
the stresses necessarily were considerably greater than 
those which would ever be considered for commercial 
applications. It will be observed that with the stress 
of 34,100 lb per sq in., fracture was obtained in 2625 
hr, with 30,000 lb per sq in. in 3250 hr, and with 24,600 Ib 
per sq in. in 6151 hr. The remaining specimens have 
not failed and the tests are still being continued. With 
the stress of 17,500 lb per sq in., however, the time- 
elongation curve appears to be in the third stage, in- 
dicating that fracture may eventually occur. 

Tests are now in progress on the carbon steel under 
stresses greater than 6000 Ib per sq in. in order that the 
third-stage characteristics of this material, under differ- 
ent stresses, can be determined. 


Time Versus Creep Rate 


In order to show the influence of time on the resulting 
creep rates for the stresses considered, the slopes (creep 
rates) of the curves of Figs. 1 and 2 are plotted against 
time in Figs. 3 and 4. In these two figures the creep 
rates at the various designated times are defined as the 
rates which would have been reported had the tests been 
discontinued at that particular time. It should also be 
emphasized that the creep rates considered are those 
occurring in the so-called second stage and not for the 
entire test period. 

The results from the plain carbon steel, Fig. 3, indicate 
that under the lower stress, the creep rate decreased 
rapidly during the first 500 hr after which it remained 
practically constant as the test was extended to 8500 hr. 
Under the larger stress the decrease, continued for the 
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Fig. 3—Influence of time on observed creep rate for car- 
bon steel at 1000 F 


8000 


first 2000 hr, became constant over the period from 
2000 to 5000 hr, and then increased for the remainder of 
the test. There is a possibility that the increase in 
creep rate after 5000 hr is not caused by the steel having 
entered the third stage of creep but is due to structural 
changes, such as spheroidization, having decreased the 
creep resistance. Additional results will indicate which 
of these two assumptions is correct. 

The corresponding results for the chromium-silicon 
molybdenum steel are given in Fig. 4. As before, the 
creep rates decreased during the early portion of the 
tests, with the decrease being more pronounced, the 
greater the applied stress. The period over which the 
decrease occurred, however, varied inversely with the 
stress. With the two higher stresses, the minimum rate 
occurred at approximately 1000 hr, with the 24,600 Ib 
per sq in. stress, at 2000 hr, and with the 17,500 lb per 
sq in. stress, at 4500 hr. In the tests which have frac- 
tured to date a very rapid increase in the creep rate oc- 
curred after a rate of 1.0 per cent per 1000 hr was passed. 

There is a question as to whether deformation rates 
greater than 1.0 per cent per 1000 hr can be considered 
as creep. The word creep is usually reserved for slow 
rates of flow. On this basis it might be assumed that 
the creep characteristics predominate up to a rate of 1.0 
per cent per 1000 hr and the short-time tensile properties 
above this rate. 


Time Versus Creep Strength 


In Figs. 5 and 6 the creep stress for the plain carbon 
and the chromium-silicon-molybdenum steels, respec- 
tively, are plotted against time. As before, the creep 


Fractured Fractured Fractured 
4 2625.5 hr. 3250 hr. 6/5/ hr 
Toh Total Elongation Total Elongation 


‘a/ 
I3 25.0 per cent 21.0 per cent 28.5 per cent 


34100 Ib 30000 Ib. per s9.in. 24600 lb. per sq in. 


Sq.iN. 


Rate of Creep, per cent per 1000 hr. 


—- ry WwW fF UH OD ~t @O WO 





mM. 17500 Ib. 
3000 4000 5000 6000 7000 


oO 


0 1000 2 


Time of Test, hr. 


Fig. 4—Influence of time on observed creep rate for chro- 
mium-silicon-molybdenum steel at 1000 F 
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Fig. 5—Influence of duration of tests on reported 
creep stress for carbon steel at 1000 F 


stresses at the various designated times are defined as the 
values which would have been reported had the tests 
been discontinued at that particular time. First con- 
sidering the carbon steel, Fig. 5, the creep stress for 0.1 
per cent creep per 1000 hr increased slightly for 1500 hr, 
then remained constant up to 5000 hr, after which it de- 
creased for the remaining portion of the test. The ob- 
served variations in this value are not marked, however, 
as the minimum value is 4520 and the maximum, 4800 Ib 
per sq in. It is also interesting to note that the 500-hr 
test gave a lower value than did the tests up to 5000 hr in 
length and further that this value agrees with that ob- 
tained after 8000 hr. In other words, for this par- 
ticular steel at least, the 500-hr test is a more conserva- 
tive indication of the true behavior under prolonged 
service at 1000 F than are tests up to 5000 hr in dura- 
tion. 

The corresponding variations in the creep strength of 
the chromium-silicon-molybdenum steel with time are 
given in Fig. 6. In this case stresses are included for 
creep rates of 0.1 and 1.0 per cent per 1000 hr over the 
entire periods of the tests, and also for a creep rate of 
0.01 per cent for the first 2000 hr of the tests. As with 
the plain carbon steel, the stresses for the designated 
creep rates first increased as the time of testing was ex- 
tended above 500 hr. In the case of the stress for the 
highest creep rate, the maximum occurred at 1000 hr, 
for the medium creep rate at 1500 hr, and for the lowest 
creep rate the stress value is still increasing at 2000 hr. 
Time exerts its greatest influence on the stress required 
for the maximum creep rate as the values range from 
38,500 to 20,000 Ib per sq in. The corresponding range 
in the stresses for the medium creep rate is from 22,500 to 
16,700 lb per sq in. It is again to be noted that the 500- 
hr test is a more conservative indication of the true creep 
strength than is one of 1000 hr. 


Metallographic Examination 


In order to determine the influence of stress and time 
at 1000 F on the resulting metallographic structures, the 
fractured creep specimens, as well as the original material 
and the short-time tension specimens broken at 1000 F, 
were examined. Sections were selected at the fracture 
and at a distance of approximately */, in. from it, and 
magnifications of 100 and 1000 diameters were used. 

The apparent grain size of the creep and tension speci- 
mens, was considerably smaller than that of the original 
material, indicating that at the section */, in. from the 
fracture the time at temperature and deformation condi- 
tions were such that refinement of the grain occurred. 
Also the grain size of the creep specimen became smaller 
and more uniform as the time for fracture was increased, 
or in other words, as the applied stress was decreased. 
The grain size of the short-time tension specimens was 
between that of the creep specimens subjected to stress 
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Fig. 6—Influence of duration of tests on reported 
creep stress for chromium-silicon-molybdenum steel 


at 1000 F 


of 34,100 and 30,000 Ib per sq in., indicating that stress 
(deformation) as well as time is a controlling factor on the 
resulting grain size. 

The grains of the short-time tension specimens were 
also more distorted than those of the creep specimens. 
Since the sections examined were all at the same distance 
from the actual fracture, this indicates a more pro- 
nounced stress concentration in the short-time tension 
specimen. 

The structure of the original steel was partially 
spheroidized and the fractured specimens did not show 
appreciable differences in the degree of spheroidization. 
Conclusive evidence is not, therefore, available as to 
whether spheroidization will occur at 1000 F under the 
given test conditions. 


X-ray Examination 


Various theories have been advanced as to the possible 
mechanism of creep and it was felt that an X-ray ex- 
amination of the fractured specimens might shed addi- 
tional light on this subject. Examinations were by sur- 
face reflection of the X-rays, produced in a tube equipped 
with a molybdenum target, from the specimen both 
at the fracture and at a section */; in. from it. The X- 
rays were passed both perpendicular and parallel to the 
axes of the specimens and both the outer surface and mid- 
section were considered. 

The films indicate the original steel to be relatively 
free from strain. It is at least comparable in this respect 
to the commercially annealed steels usually encountered. 
The creep specimens contained more strain than the 
original structure, but no appreciable fragmentation of 
the grains had been produced. The short-time tension 
specimens were considerably strained and the grains were 
fragmented. 

It is evident, therefore, that a difference does exist 
between the short-time tension and creep specimens in 
that the creep specimen shows strain without fragmenta- 
tion, while the tension specimen shows both fragmenta- 
tion and strain. Since the total elongation or deforma- 
tion was approximately the same, there are two possible 
assumptions to account for the absence of fragmenta- 
tion in the creep specimen. Either the process of 
deformation was such that fragmentation did not occur 
or else the time held at temperature was sufficient to 
remove the effects of this fragmentation. 


Hardness Tests 


All of the fractured specimens possessed a greater 
hardness, over the area considered, than the original 
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steel, indicating that sufficient strain-hardening had 
occurred to produce a measurable effect. The tension 
specimen was harder than any of the creep specimens and 
the maximum observed hardness in the creep speci- 
mens decreased as the time necessary for rupture in- 
creased. These observed differences can again be ac- 
counted for either by a difference in the deformation 
characteristics or by the annealing effect of prolonged 
time at 1000 F. 


Conclusions 


Extended-time creep tests conducted at 1000 F on 
plain carbon steel and chromium-silicon-molybdenum 
steel, as well as metallographic, X-ray and hardness 
examinations of the fractured specimens allow the follow- 
ing conclusions: 

1. In all the creep tests, the rate of creep decreases 
and thus the creep strength increases during the earlier 
periods of the test and the magnitude of the changes, 
for the given temperature, depends both upon the steel 
and the stresses being considered. If the stress is 
sufficiently great, the creep rate will increase after a cer- 
tain time and the time required for this change varies in- 
versely with the stress. 

2. The reported creep stresses will, therefore, vary 
depending upon the length of time the tests are con- 
ducted. In the case of the carbon steel at 1000 F the 
amount of variation was not excessive. The changes 
were, however, more pronounced with the alloy steel 
due to the considerably greater stresses employed. 

3. The ability of relatively short-time creep tests 
(500 to 2000 hr) to prophesy the behavior under more 
extended time periods varies, for the given temperature, 
with the steel considered. With a steel in which the 
net strain-hardening effect is slight, such as the plain 
carbon steel in this case, the time factor is not of great 
importance and a test of 500-hr duration gives a good 
indication of the load-carrying ability for periods of 
several thousand hours. For other cases in which the 
resulting strain-hardening effect is more pronounced, 
such as with the alloy steel, the reported values vary 
considerably over the period of 500 to 2000 hr. In both 
of the cases considered, the 500-hr test gives lower creep 
strength values than does the 1000-hr test and also values 
which correspond more closely with those obtained from 
tests of several thousand hours duration. The results 
would appear to indicate, therefore, that at least in the 
two cases considered, the 500-hr test is a more conserva- 
tive criterion than the 1000-hr test. 

4. The assumption ordinarily made that a creep 
rate of 0.10 per cent per 1000 hr represents a creep rate 
of 1.0 per cent per 10,000 hr is in consequence open to 
question, at least for some steels. Indications are that 
for the plain carbon steel this hypothesis may be ap- 
proximately true but for the chromium-silicon-molyb- 
denum steel this relationship was not found. 

5. The fact that a specimen enters the third stage of 
creep does not necessarily imply that it will fail in a short 
time. 

6. The time required for rupture influences the re- 
sulting ductility values but not in a uniform manner. 
The fractured creep specimens of the chromium-silicon- 
molybdenum steel all possessed a lower ductility than 
that obtained from the short-time tension test at the same 
temperature, but the variations in the values of the 
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creep specimens were not proportional to the time re- 
quired for fracture. Neither were the changes of suf- 
ficient magnitude to cause undue alarm. 

7. On the basis of the metallographic examination, 
structural changes were produced during both the ten- 
sion and creep tests. All of the fractured specimens 
possessed a smaller grain size than the original steel and 
the grain size of the creep specimens became smaller, 
the greater the time required for rupture. Results also 


indicate that no appreciable spheroidization occurred | 
The findings do not permit too definite | 


during the tests. 
conclusions in this respect, however, since the original 
structure was partially spheroidized. 





8. The X-ray examination revealed a difference in | 


the apparent deformation characteristics. The original 
steel was relatively strain free, the creep specimens were 
strained, while the short-time tension specimen was not 
only strained but considerable crystal fragmentation had 
occurred. 

9. A greater degree of strain-hardening was evident 
in the short-time tension specimens than in the creep 
specimens. The maximum hardness of the creep speci- 
men decreased as the time required for rupture was in- 
creased. 

10. The changes observed from the metallographic, 
X-ray and hardness examinations may be accounted for 
either on the assumption of a difference in the mechanism 
of deformation in the short-time tension and creep speci- 
mens, or that, in the case of the creep specimens, the 


time held at temperature was sufficient to remove cer- | 


tain of the effects of the deformation. 
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Dramatizes Growth of Electricity 

At a conference of more than four hundred executives 
of the General Electric Company and its affiliates from 
all parts of the world, held at Schenectady on July 15 to 
17, a ‘“‘Formula of Progress’ was dramatized by the use 


of motion pictures, oral presentations, and special charts | 


with synchronized sound and lighting effects. These 
illustrated how increased efficiency in productive activity 
has contributed to American progress. 

Statistics were presented to show how the increase in 
the efficiency of generating, distributing and utilizing 
electricity has reduced its cost and how this lower cost 
makes it possible for the nation’s industries to lower their 
costs. 

It was shown that if the present 57 billion kilowatt- 
hours of fuel-generated electricity in this country were 
produced at 1890 efficiency, it would require 280 million 
tons of coal per year to produce it, instead of the 41 mil- 
lion tons now used. 

The fuel saving due to increased generating efficiency, 
however, has made more kilowatt-hours available for 
more people, and this saving over 1890 conditions, when 


expressed in terms of real wealth, has a dollar value of | 


2'/2 millions a day. 
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“D” and “B” style cases accommodate one or 
two indicators for wall or panel mounting. 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on this page may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





Air Conditioning and 
Engineering 


This exhaustive treatise on the technique of the con- 
ditioning and mechanical movement of air has been pre- 
pared by the Engineering Staff of the American Blower 
Corporation and the Canadian Sirocco Company, Ltd. 
The material has been selected and arranged with a view 
to providing a ready reference and convenient handbook 
for engineers having to deal with problems involving air 
flow and the application of air to ventilating, cooling, etc. 

The book is divided into two sections, the first dealing 
with fundamental engineering information, charts, 
tables and other data, and the second with equipment, 
including dimensions and capacity tables. 

Among the subjects treated in Section I are heat and 
steam, the laws of air flow and methods of measurement, 
ducts and their arrangement, fans for ventilation and 
for mechanical draft, fan drives, dust collection, humidi- 
fying and cooling, process drying and refrigeration. 

There are in all 332 pages, 8 X 11 in., very fully illus- 
trated and numerous working curves; heavy fabricoid 
binding. Price $5.00. 


Standards on Refractory 
Materials 


In addition to all of the twenty-one specifications, test 
methods and definitions standardized by the American 
Society for Testing Materials through the work of its 
Committee C-8 on Refractories, this publication includes 
the Manual on Interpretation of Refractory Test Data, 
detailed information on the standard samples of type 
refractory materials and reports of extensive industrial 
surveys showing the service conditions of refractories in 
outstanding consuming industries. 

The specifications cover clay firebrick for various uses, 
refractories for the construction of incinerators, ground 
fireclay, and quicklime and hydrated lime for the manu- 
facture of silica brick. 

Included in the standard methods of testing which are 
given are the following: porosity and volume change; 
particle size of ground materials; panel test for resis- 
tance to thermal and structural spalling; permanent 
linear change; test under load at high temperature; 
softening point, high-temperature heat insulation and 
chemical analysis of refractory materials. 

Accurate investigation of refractory materials is diffi- 
cult unless competent methods are used to analyze and 
report the groups of data developed. The Manual on 
Refractory Data, which is given, evaluates the methods 
of interpretation. First issued in 1932, the current 
Manual is extensively revised and simplified. 

To help maintain accuracy in the chemical methods of 
analysis, a series of standard samples of type refractory 
materials has been developed in cooperation with the 
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National Bureau of Standards and a large number of 
laboratories. The composition of these samples is given 
in tabular form. 

It has been essential to have adequate information on 
the conditions under which refractories are used in 
manufacturing processes. Comprehensive surveys have 
been made of such conditions in outstanding consuming 
industries, including the following: Open-Hearth Prac- 
tice, Malleable Iron Industry, Copper Industry, Lead 
Industry, By-Product Coke Ovens. 

This pamphlet contains 143 pages, size 6 X 9; heavy 
paper cover. Price $1.00. 


Coal and Coal Products 
Compiled by F. R. Wadleigh 


A bibliography of books and articles relating to coal 
and to coal’s principal products has been prepared and 
published by F. R. Wadleigh, consulting engineer of 
Washington, D. C., who was formerly chief of the Coal 
Division of the Department of Commerce, at one time 
associated with the Bureau of Mines, and Federal Fuel 
Administrator during 1922-1923. 

This book of 63 pages contains not only a list of books 
and articles in the English language concerning coal, but 
also tabulates articles dealing with coal and related sub- 
jects, and similarly the publications of societies and tech- 
nical institutes and bulletins and reports of various uni- 
versities and colleges. The proceedings and other pub- 
lications of the American Institute of Mining and Metal- 
lurgical Engineers, American Society of Mechanical 
Engineers, American Society for Testing Materials, 
American Mining Congress and the American Chemical 
Society are appropriately listed, as well as the reports 
of various commissions on coal in the United States and 
Great Britain. 

Copies may be obtained from F. R. Wadleigh, 1026— 
15th Street, N. W., Washington, D. C. Price $1.00. 


Dissolved Oxygen in Boiler 
Freedwater 


By M. C. Schwartz, Ph.D. 


This pamphlet issued by the Louisiana State Uni- 
versity Press, Baton Rouge, La., describes a refined 
technique for the determination of dissolved oxygen as 
developed at the Louisiana Steam Generating Corpora- 
tion’s laboratory. The method is recommended for 
oxygen concentrates under 0.5 ml per liter. Section II 
of this 46-page pamphlet is devoted to a selected bibliog- 
raphy on the determination of dissolved oxygen in water. 
Copies may be purchased from the Library, Louisiana 
State University, for 50 cents. 
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Statistical Analysis 
of Boiler Accidents 


By J. P. H. de WINDT, Nat'l. Bureau of Casualty & Surety Underwriters 


At the recent Annual Meeting of the 
National Board of Boiler and Pressure 
Vessel Inspectors, in Chicago, Mr. de 
Windt described the statistical plan main- 
tained by the National Bureau of Casualty 
& Surety Underwriters whereby data con- 
cerning accidents and losses are collected 
regularly from the insurance companies 
as a means of improving experience. The 
data in the paper, from which excerpts are 
here given deal with boiler losses for 1932, 
1933 and 1934 and are classified according 


to the several classes of boilers. 


HIS Statistical Plan is so designed and operated 

that the companies may know at any time the 

amount of earned premium that any particular 
type of object is producing, the total number of objects 
insured, what it costs to inspect the various classes of 
objects in different localities, the amount of the losses 
and the accident frequency on the various types of 
objects and also, from the standpoint of accident preven- 
tion service, the initial broken part and the cause of 
accident. 

From the standpoint of the inspector and of the acci- 
dent prevention service, the most important information 
to be obtained from this statistical plan is with refer- 
ence to the kinds of objects that are producing acci- 
dents, and particularly the record of initial broken parts 
and the causes of failure. This important information 
is reviewed periodically by the insurance companies 
and they vary their inspection procedure to meet chang- 
ing conditions which may be producing accidents, the 
frequency of which we would have no broad knowledge 
of if it were not for the statistical plan. 

The information in this paper with respect to losses 
was obtained on a special call to the companies for 
statistical data in connection with boiler losses for the 
calendar years 1932, 1933 and 1934, but, due to the lim- 
ited time available, not all of the companies could get 
together their report and the figures, therefore, are based 
on about two-thirds of the boilers that are insured by all 
of the companies doing a boiler insurance business. 

The summary shows a total of 4585 losses amounting 
to $1,343,364 for all states and for all types of objects. 
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Comparing this with the objects insured for all states, 
it is found that there are 5.2 accidents per year for every 
1000 objects insured. It is of interest to note that there 
were only 132 losses over $1000 which is about 3 per 
cent of the total; but such losses amounted to $460,588, 
which is 34.3 per cent of the total. 

In connection with boiler insurance, there are numer- 
ous types having different characteristics and hazards. 
These have been classified in accordance with the follow- 
ing types: 

3 Steel boilers—15 Ib or less (steam); and hot- 
water heating or supply boilers. 

II. _Fire-tube boilers—over 15 lb (steam). 

III. Water-tube boilers—over 15 lb (steam). 

IV. Track locomotive boilers (steam). 

V.  Cast-iron boilers—excluding cracking of sec- 
tions or other parts. 

VI. Cast-iron boilers—cracking coverage. 

VII. Miscellaneous pressure vessels, including 
tanks, digesters, economizers, refrigerating 
systems, piping and other fired or unfired 
vessels (not otherwise classified). 


As would be expected, the accident frequency varies 
greatly for these types. Analysis of the statistical data 
develops that in connection with low-pressure boilers 
of the kind classified as Type I, there is only one accident 
per year for every 1000 objects. For high-pressure fire- 
tube boilers, the accident frequency is twice as great, 
being two a year per 1000 objects; and for high-pressure 
water-tube boilers, it is 7.8 accidents per 1000 objects, 
mainly on account of more frequent tube losses. For 
track locomotive boilers, the accident frequency is 1.3 
per thousand. In connection with cast-iron boilers, 
cracking coverage is optional and the premium for such 
coverage is in addition to and much higher than the 
premium for explosion coverage alone. Type V above 
includes all insured cast-iron boilers and the experience 
applies only to losses under explosion coverage; Type VI 
includes only those boilers for which cracking coverage 
is provided (about 50 per cent of the total number) 
and the experience applies only to losses from cracking 
of sections or other parts. It is particularly interesting 
to note that the accident frequency is only 0.5 for explo- 
sion coverages but is 83 times as great for cracking (41.7 
accidents per year for every 1000 objects, or about one 
in every 24). For the remaining pressure vessels, in- 
cluded above as Type VII, the accident frequency is 
1.5 per thousand. 

Analysis of losses by types of objects also shows quite 
a variation in the average amount of loss per accident. 
As would be expected, high-pressure boiler losses are 
much larger than for low-pressure boilers. For low- 
pressure steel boilers the average loss amounts to $112; 
for high-pressure fire-tube boilers $331; for high-pres- 





31 














... the better 
FLEXIBLE 
COUPLING 


It gives full compensation for the un- 
avoidable errors in alignment or those 
caused by changes of temperature, wear 
of bearings, vibration, etc. It also per- 
mits free lateral float to connected shafts, 
and prevents torsional motions. 


Stronger than the connecting shafts. 
Capable of sudden reversals at high 
speed or heavy duty, slow speed drives 
without strain to the coupling or the 
machinery it connects. Simple in design, 
no springs, pins or bushings, self-aligning, 
silent and vibrationless at all times. 


Exclusive features and improvements 
found in no other coupling distinguish 
the POOLE FLEXIBLE COUPLING 
as the superior product in its field. 


Get the Real Facts. Write for our 
Catalog No. 34. No obligations. 


POOLE FOUNDRY 
& MACHINE CO. 


BALTIMORE, MD. 














sure water-tube boilers $408; and for track locomotive 
boilers $434. For cast-iron boilers, the average explo- 
sion loss is $173, whereas the average cracking loss is 
$231. Cracking losses not only occur very frequently 
but are large, one loss sometimes amounting to as much 
as two or three thousand dollars. The average loss for 
the miscellaneous group is $533, consisting of many 
losses smaller than the average and a few much larger 
28 losses of over $1000, averaging $6440). The average 
loss for all types is $293. 

Considering all types of boilers and pressure vessels, 
it is found that 83.8 per cent of the insured objects are 
located in states having representation on the National 
Board of Boiler and Pressure Vessel Inspectors but that 
the accident frequency is only 4.9 per 1000 objects, as 
compared with 6.7 for non-represented states. 


Initial Broken Part 


The special call for statistical data has developed some 
interesting information regarding the initial broken part, 
as respects each of the seven types previously men- 
tioned. A few of the facts are presented below: 


Type I—For low-pressure steel boilers, tube losses 
accounted for 46 per cent of the total. The remaining 
losses were made up of shell plates and drum heads (11 
per cent), furnace and firebox sheets (10 per cent), 
tube sheets and steel headers (4 per cent) and mis- 
cellaneous (29 per cent). 

Type Il—For high-pressure fire-tube boilers, losses 
on blow-off piping amounted to 27 per cent, about 
the same as for shell plates and drum heads (26 per 
cent). The remaining losses were made up of furnace 
and firebox sheets (15 per cent), tubes (14 per cent), 
tube sheets and steel headers (7 per cent) and mis- 
cellaneous (11 per cent). 

Type III—For high-pressure water-tube boilers, 
tube losses accounted for 58 per cent of the total. 
The remaining losses were made up of cast-iron tube 
headers (18 per cent), superheaters and reheaters 
(8 per cent), water walls or screens (3 per cent) and 
miscellaneous (13 per cent). 

Type IV—For track locomotive boilers, 58 per cent 
of the total losses were on furnace and firebox sheets, 
14 per cent on tubes and the remaining 28 per cent 
miscellaneous. 

Types V and VI—Cast-iron boiler losses, as would 
be expected, are practically all in connection with cast- 
iron sections, only 1 per cent being otherwise classified. 

Type VII—Inasmuch as this group includes all 
piping, as well as various types of fired and unfired 
pressure vessels, the piping losses predominate (53 
per cent of the total). Losses on shell plates and 
drum heads amount to 16 per cent, tube losses 7 per 
cent, cast-iron parts 5 per cent and miscellaneous 
losses 19 per cent. 


Description of Certain Large Losses 


It was previously stated that 3 per cent of all losses 
were for over $1000 and accounted for 34 per cent of the 
total payment. Suppose we describe a few of these large 
losses. 

1. A 72-in. horizontal tubular boiler located in a cot- 
ton seed oil plant in North Carolina exploded due to an 
accumulation of scale on the bottom of the shell. Six 
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employees were killed and nine injured. The 
power house was demolished, one-half of a two-story mill 
building was knocked down and there was considerable 
damage to expensive mill machinery. The boiler was 
ten years old at the time of the accident and was not 
built under Code requirements. Total property damage 
was about $45,000. 


The investigation after the failure disclosed that, due 
to a storm, the character of the water in the river from 
which the feed was being taken, had been so changed 
that it contained considerable fine sand and bog material, 
not ordinarily present in the feedwater. As the clean- 


brick | 


ing periods were infrequent, enough of this material ac- | 
cumulated on the lower part of the shell to cause over- | 


heating which resulted in two rather large bulges. A 
rupture apparently started in the apex of one of these 
bulges, which extended through the other bulge, thus 
causing a sudden failure of the entire sheet. The evi- 
dence was that the boiler had been filled with water to 
the normal level, which contributed to the violence of 
the explosion. 


2. In a paper manufacturing plant, located in 
Indiana, the ‘“‘blind’’ head of a mud drum on a Stirling 
water-tube boiler ruptured, due to corrosion. One man 
was killed. The boiler was twenty-eight years old at 
the time of the accident. Total property damage about 
$25,000. 


3. Another water-tube boiler explosion occurred when 
a lap seam failed in the rear upper drum of a Stirling 
type boiler only a short time after it had been reinstalled. 
The boiler was completely wrecked, the adjacent boiler 
was seriously damaged and the boiler house was de- 
molished. Three men were injured, but not seriously. 
The total property damage was about $17,000. It is 
interesting to note that this boiler, which was about 
twenty years old, had, several years before, been dis- 
continued from service in another plant on account of a 
badly corroded mud drum head and thin tubes. The 
boiler was purchased by the present owner after having 
been previously inspected and, -before being installed, 
new tubes and new mud drum heads were fitted. After 
erection, the boiler was tested hydrostatically, during 
which test the inspector noticed leakage along the seam 
which later failed He had one of the rivets in this seam 
removed for an examination of the rivet hole but found 
nothing suspicious. An examination of the rupture 
after the explosion clearly showed that the initial crack 
did not extend through the rivet hole from which the 
rivet was removed, but did extend through a number of 


the adjacent rivet holes in that seam and the existence | 
of the crack probably would have been disclosed had more | 


rivets been removed. It is obvious from this case that 
the reinstallation of old second-hand boilers cannot be too 
strongly discouraged and they should be subjected to a 
better examination than is afforded by the usual methods 
of inspection. 


4. <A piping loss with unusual results occurred in a 
greenhouse in New Jersey, the escaping steam causing 
damage to valuable orchid plants. 


The accident was due | 


to the failure of an expansion joint caused by water | 


hammer when the steam was turned on too quickly. 
There were 1118 plants totally destroyed and 226 plants 


partially damaged. The total property damage was | 


about $11,000. 
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RGE MAKES A 
COMPLETE LINE OF 
INSULATIONS AND 

REFRACTORY 

CEMENTS 


Whether your needs are for blankets, block, 
loose insulations, pipe covering, Stic-Tite, or 
some of the better kinds of refractory cements, 
there is at least one R & E Product exactly suited 
to your requirements. 


R & E Products are made exclusively in our own 
plant with modern equipment and up to date 
methods. Why not ask for data sheets on some 
item in which you are particularly interested at 
this time. Your inquiry will bring a prompt 
reply. 


REFRACTORY & ENGINEERING 
CORPORATION 
381 FOURTH AVENUE ~— NEW YORK, N. Y. 
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Some Notes on 





PATENT LAW for 
ENGINEERS 


By LEO T. PARKER 
Attorney at Law, Cincinnati, Ohio 


REQUENTLY, engineers, who are _ responsible 
for the design and operation of plants, are con- 
fronted with serious questions involving patents. 

For instance, several engineers during the past several 
months have asked the question: Suppose that while I 
am working at my regular work on a salary that I con- 
ceive and perfect an invention. Can I file an applica- 
tion and have the patent issued in my name, or can my 
employer claim ownership to the patent? 

The old patent decisions held that the inventor was 
the sole owner of all patents applied for and issued in his 
name although the invention was perfected on the em- 
ployer’s time and with the use of the employer’s equip- 
ment andtools. (119 U.S. 226). 

However, it is important to know that the new patent 
law is different. In fact, a quite recent United States 
Supreme Court decision overruled the old decisions and 
established the present law that if a patent is granted 
in the name of an employee, and the patent is on an in- 
vention conceived, experimented and perfected on his 
employer's time while he was being paid to invent 
things, the employer is the legal owner of the patent. 

Of course, convincing testimony must be introduced 
before a Court will issue an order requesting the Patent 
Office to transfer the title of an application already is- 
sued from the name of the inventor to the employer. 
However, under the above-mentioned circumstances the 
employer is entitled to full and complete ownership of 
the patent. 

On the other hand, although an engineer is employed 
and paid to perform certain duties during specified hours 
the employer is not entitled to the ownership of a 
patent which the employee conceives and perfects 
while he is off his regular duty. This is true because an 
employer has no statutory rights or common law rights of 
ownership in his employee’s patent, if the invention is 
perfected on the employee’s own time, and where no 
contract exists between the employer and the engineer 
by which the latter agrees to assign all patents to his 
employer. 


How to Protect Invention 


Another question often presented by engineers is: 
How can I protect my invention with safety while I am 
experimenting, without incurring the expense of actually 
filing an application for a patent? 

It is well established law that engineers may with cer- 
tain security protect themselves against loss or theft of 
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The author answers some questions as to 
ownership of patents by employee or em- 
ployer, and gives specific suggestions that 
should aid the inventor in protecting his 
claims through maintaining complete rec- 
ords of his work, filing at the proper time 
and in proper form, and including a com- 


plete description. Decisions of the 


courts are cited to cover the points dis- 
cussed. 


their ideas while the inventions are in the course of ex- 
perimentation. On the other hand, the rules as estab- 
lished by the recent higher Courts on this subject must be 
carefully followed during the experimentation or the 
inventor may lose his legal rights to obtain a patent. 

A complete review of leading higher Court cases dis- 
close that an engineer may forfeit his right to a patent on 
his invention, under the following circumstances: 

(1) If another person files an application for a 
patent on the device, and he was the first inventor; (2) 
if another person invents the device after the original 
inventor, but files his application for a patent before 
the true inventor; (3) if the inventor files an application 
for a patent, but fails to prosecute his case in the United 
States Patent Office within six months after the first 
answer is received from the Patent Office; (4) if the 
original inventor delays from six months to three years 
in filing an application for a patent after the invention is 
perfected so that it actually will operate, although it is 
crude; (5) if the inventor files an application for a 
patent before his invention is actually operative; (6) 
if the inventor fails to keep records and drawings prop- 
erly dated and witnessed to establish his priority rights 
during the experimental stages of the invention, in the 
event another files an application for a patent; (7) if the 
inventor uses in public, sells or advertises the invention 
for two years before filing an application for a patent. 

Another important rule of the law is that the United 
States will grant a patent to the first inventor who con- 
ceived, experimented, perfected and attempted to patent 
the invention. Therefore, the importance of inventors 
maintaining legal records of the conception and per- 
fection of an invention is quite apparent. 


August 1985—-COMBUSTION 








Moreover, it is important for inventors to understand 
thoroughly that the legal status of an application for a 
patent is not, as many persons seem to believe, an abso- 
lute protection against others filing applications for 
patents on the same invention. 

In other words, the mere fact that a person is first to 
file an application is not assurance that he will obtain a 
patent. This is true, contrary to the opinion of the 
majority of persons, because an inventor may be en- 
titled to a patent although he files an application after 
another person has secured the patent. The government 
will revoke a patent issued to a person who is not the real 
inventor. Therefore, although an engineer obtains a 
patent he is not positively certain that he shall retain it, 
unless he has properly signed, dated and witnessed rec- 
ords to prove that he was the original to conceive and 
perfect the device. 


Sketches and Records Important 


Records of experiments should always be made with 
pen and ink, and should comprise sketches and written 
descriptive matter so complete that persons who are 
familiar with mechanism, or the science to which the 
invention belongs, may understand the invention. 
Moreover, each page of the records should be dated and 
the sketches, description and explanations of each ex- 
perimental test should be included on the same sheet. 

Where two inventors claim ownership to the same 
invention, both may testify as to their conception and 
perfection of the inventions, but this testimony is not 
convincing unless dated sketches having written de- 
scriptions, with testimony of witnesses, are introduced. 

However, an engineer who had perfected an invention 
should not delay in filing an application for a patent. 
Delay may result in loss of his rights to obtain a patent, 
if another inventor is diligent and files his application 
immediately after perfecting the same invention. 

For illustration, a recent Court refused to grant a 
patent to an inventor who was first to invent a device, 
but last to file an application for a patent. This Court 
stated the following important law: 

“It is the settled doctrine of the Court of Appeals for 
the District of Columbia that when an inventor perfects 
and reduces to practice an invention, and fails for an 
unreasonable period to take steps to give it to the public, 
and until someone else has independently invented and 


patented it, the earliest inventor forfeits his rights to a 
patent against the later inventor. 83 O. G. 155, 84 
O. G. 147, 87 O. G. 516, 88 O. G: 191.” 


If Inventor Files Own A pplication 


Still another question frequently asked by engineers is: 
Can I file my own application for a patent without pay- 
ing a lawyer, as I can make the drawings and I have 
heard that it is not necessary to employ an attorney? 

It is true that the United States Patent Office “‘Rules 
of Practice’ permits inventors to file their own applica- 
tion for patents. However, only those experienced in 
patent matters and procedure should attempt to do so, 
because the Government will not attempt to point out 
why or how a patent application should be written to 
protect the inventor. Moreover, the “claims” in an 
application are strictly construed by the Courts, and an 
invention which may be basicly new, and upon which a 
very broad patent can be secured by a patent lawyer, 
may be valueless to an inventor if the patent is ob- 
tained by any person who is not trained in patent law and 
subsequent procedure. Also, this rule is applicable to 
lawyers who are inexperienced in patent procedure. 
In some instances, inventors who are not certain about 
the value of their inventions, or who are short on funds, 
may prepare and file their own applications, which later 
may be revised by competent lawyers. 

It is important to know that from a legal standpoint a 
patent application consists of drawings made with India 
ink on two- or three-ply bristol board, size 10 X 15 in. 
The specification of the application is a complete de- 
scription of the invention with numerals on the drawings 
which are referred to in the specification to indicate 
clearly the various parts. At the end of the specifica- 
tion the “‘claims’’ include all basic features of the inven- 
tion. 

At the time an application for a United States patent is 
prepared the drawings, specification, petition and oath 
with the first government fee of $30 is sent to the Com- 
missioner of Patents, Washington, D. C., and $1.00 for 
each claim over the twenty which are allowable without 
additional fee. 

The application is examined by the examiner of the 
division in which the invention is classified. If he fails 
to find a similar invention he notifies the inventor, and 
allows the claims. 
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The Original 
Inverted Bucket 
Steam Trap 


HE original inverted bucket 
steam trap, first  pro- 
duced by Armstrong Machine 
Works in 1911, has become _ ° 
the standard of modern steam ety oo <a 
trap design. the original fundamental 


design—only perfected its 
details. 





In principle, the Armstrong 

trap of today is the same as that of 24 years ago. 
But these years of pioneering have produced re- 
finements of design that add immeasurably to its 
eficiency and dependability, leaving it still 
superior in its field. 


The Armstrong Steam Trap Book, 28 pages of 
practical information about Armstrong Traps and 
their application, shows these latest refinements. 
Send for it. 


ARMSTRONG MACHINE 
WORKS 
814 Maple St. 
Three Rivers, Mich. 





































More than 5,000 boiler plants of 
all types and Sizes will testify to 
the outstanding performance of 
“Diamond’’ products: 
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DIAMOND “AUTOMATIC VALVED” SOOT BLOWERS 
DIAMOND “LOOSE WINDOW” HIGH PRESSURE GAUGES 
DIAMOND BI-COLOR WATER GAUGES 

FOND HIGH PRESSURE WATER COLUMNS 
= “DIAMOND. DESLAGGERS 
DIAMOND AUTOMATIC AIR PUFF SOOT BLOWERS 
| DIAMOND DEDUSTERS ~~ 
DIAMOND SMOKE INDICATORS 














Diamond Power Specialty Corporation 





DETROIT, MICHIGAN 
Diamond Specialty Limited 


WINDSOR, ONTARIO 














EQUIPMENT SALES 
Boiler, Stoker, Pulverized Fuel 


As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


Orders for 91 water-tube and h.r.t. boilers were placed in 





June 
Number Square Feet 
IC A rely ks Sisina xis alae eee awetinie meee Bas 91 197,687 
ee rr rere ere a nm oe Ene 96 209,251 
January to June (inclusive, 1935).......ccccccccccces 467 1,524,788 
oe rn ne ree ee 436 1,245,058 





NEW ORDERS, BY KIND, PLACED IN JUNE, 1934-1935 











June, 1934 June, 1935 
Kind Number Square Feet Number Square Feet 
Stationary: 
Serre ere 43 141,166 40 129,899 
Horizontal return tubular.... 53 68,085 51 67,788 
96 209,251 91 197,687 





Mechanical Stoker Sales 


Orders for 180 stokers, Class, 4* totaling 34,721 hp were 
placed in June by 68 manufacturers 





Installed under 


A 





Fire-tube Boilers Water-tube Boilers 


” 





No. Horsepower No. Horsepower 


NG 555 oa tn'e Srbbrah oO A SRS 128 16,434 52 18,287 
UN SR ree eee 120 15,361 52 19,318 
January to June (inclusive, 1935).... 530 72,448 251 96,821 
GS HOTENE, BPG. 6 occa vcscveseress 519 68,023 219 87,553 





* Capacity over 300 lb of coal per hr, 


Pulverized Fuel Equipment Sales 
Orders for 5 pulverizers with a total capacity of 16,540 lb 
per hr were placed in June 
STORAGE SYSTEM 


ms 

















Pulverizers Water-tube Boilers 
“ on 
_ 8 
n S 3 
S¢ 8 2 ag 8 
Sr = ~ 
. 34 #£ >d8 st gs 
7) 7 3 5} Be an 
© Bs @ 95 ts os 
8 oa Sa = bo Be 
3 Ra © oe a oF oa: 
a wo ue os vo ae =o 
pn ou ° Pn 2 aaa a © 
. ™ g = oo 8 3 bi} Sh 
S 6&6 6s Oy 3 o8 o8 
&H Ze @ Ha Z bo es 
ME cgi al a Fe pt eae 
DE ccagawsy ivi -ch Cc Ghee 2% eae .aestess 
January to June 
(inclusive, 1935)... .. ea be er aa ee 
Same period, 1934... 2 1 1 46,000 * * * 
DIRECT FIRED OR UNIT SYSTEM 
— Pulverizers Water-tube Boilers 
ee 4 4 es 15,940 4 19,191 180,000 
pS eee 4 4 ‘is 12,400 4 16,000 138,000 


January to June 
(inclusive, 1935).. 52 33 19 255,060 44 256,059 2,304,780 
Same period, 1934.. 31 22 9 252,610 23 £208,475 2,144,700 


Fire-tube Boilers 





Fame; 1986... .6 scene 1 ats 1 600 1 1,500 5,500 
Ss nen ee ‘a i  u<enss wi. ° “SMe )  . taeneone 
January to June 

(inclusive, 1935).. 3 3 3,300 3 6,130 32,500 
Same period, 1934.. 4 4 4,800 5 7,500 41,000 








* Data not available, 
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STEAM ENGINEERING 


ABROAD 


As reported in the foreign technical press 


Pipe Joints and Caustic Embrittlement 
Being Investigated in England 


On behalf of the Institution of Mechanical Engineers 
and the Department of Scientific Research, The Na- 
tional Physical Laboratory (Great Britain) has under- 
taken an investigation of pipe joints for high-pressure, 
high-temperature service. The experimental work is be- 
ing directed toward the maintenance of tightness in 
flanged joints under purely elastic conditions, to the com- 
position, design and performance of packing materials, to 
the creep characteristics of various types of nutted stud 
bolts, and to the measurement of bolt and flange deforma- 
tion in a full-scale installation of 8-in. pipe that can be sub- 
jected to steam pressures up to 2000 lb per sq in. and 
temperatures up to 1000 F. 

Another investigation now in progress relates to the 
causes and prevention of cracking in boiler plate and to 
corrosion fatigue. Mild steel boiler plate, immersed in a 
solution of sodium hydroxide, has been subjected to re- 
peated bending at about 96 F. Metallurgical examina- 
tion of such material, tested in a 0.1 per cent solution of 
sodium hydroxide, has shown that the cracks produced 
are mainly transcrystalline. In certain cases intercrys- 
talline failure has occurred while in others there was evi- 
dence of corrosion, sometimes with preferential attack in 
the vicinity of non-metallic inclusions. For the later ex- 
periments now being made, the strength of the solution 
has been increased to 10 per cent and the test specimens 
include not only boiler plate but also complete riveted 
joints. Evaporation from the bath and decomposition of 
the sodium hydroxide into sodium carbonate is greatly 
reduced by pouring a layer of liquid paraffin over the sur- 
face of the liquid—Engineering, July 19, 1935. 


New Swansea Station Put in Service 


The first section of the new 240,000 kw station at 
Swansea, the latest British power station constructed 
under the Grid System, was officially placed in operation 
on June 20. This initial section contains two 30,000-kw 
turbine-generators and four 240,000 Ib per hr boilers 
operating at 650 Ib pressure and 850 F steam tempera- 
ture. A feature of this station is that it burns Welch 
anthracite duff in pulverized form. This fuel analyzes 6 
to 8 per cent volatile, 14 per cent ash, 74 to 80 per cent 
fixed carbon, about 4 per cent moisture and has a heating 
value of 12,500 Btu per lb as fired. Hardinge ball mills 
are employed for pulverizing and provision is made for 
mill drying. A bin and feeder system, water walls and 
straight-shot vertical burners are employed, air being 
supplied to the burners at approximately 700 F. Dust 
and acids are removed from the flue gases by the Howden 
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““Non-Effluent Water Process’ which was described in 
the April 1935 issue of Compustion. An account of the 
opening of the station and the reasons leading up to its 
construction is to be found in Engineering and Boiler 
House Review for July. 


Balancing Back-Pressure Operation 


Warme for May 18, 1935, describes the Sonnleither 
engine which is designed to facilitate the balancing of 
steam and power demands in back-pressure operation. 
The engine has a single cylinder and the steam on one 
side of the piston exhausts to a condenser whereas that 
on the other side exhausts to process or to the heating 
system. Cut-off on the end exhausting to process is con- 
trolled by a back-pressure regulator while that on the 
other is controlled in the usual way to meet the power 
demand. In order to compensate for wide variations in 
demand for back pressure steam and thus avoid an ap- 
proach to single-acting operation at times, a heavy fly- 
wheel is provided. Maximum efficiency is said to be at- 
tained at approximately 0.9 extraction ratio. 


British Power Station Extensions 


The savings in generating plant capacity, which were 
rendered possible by the Grid System in England, have 
now been made up and it is again necessary to carry out a 
program of extension to meet the increased consumption 
of electricity. The full program to be inaugurated this 
year will aggregate 650,000 kw at an expenditure equiva- 
lent to around $36,000,000. Directions have already 
been issued for extensions totalling 500,000 kw to be in 
operation by the winter of 1937. Included in these ex- 
tensions will be a 50,000-kw turbine-generator and three 
200,000-Ib per hr boilers for Walmannock (Glasgow); a 
turbine and boilers of like capacity for Barton; a 50,000- 
kw turbine-generator and two 250,000-Ib per hr boilers 
for Hams Hall; a 30,000-kw turbine-generator and three 
375,000-Ib per hour boilers at Battersea; two turbine- 
generators and two 210,000-Ib per hr boilers at Brims- 
down; and units of slightly less capacity at Thornhill, 
Kirkstall, Neepsend, Longford, Croydon, Clyde Valley 
and Brighton—Engineering, July 12, 1935. 


Use of Peat in Euorpe 


In Germany, Finland, Lithuania, Esthonia, Italy, 
Hungary and Russia, the respective governments are 
actively encouraging the use of peat, of which these 
countries possess large resources, according to an article 
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ELECTRUNITE 


BOILER TUBES 





MODERN type boiler tube of steel or rust-re- 

sisting Toncan Iron, made from clean, flat-rolled 
metal formed cold to a perfect round and then welded 
by the electric resistance method. 
The weld is as strong as the wall. Diameter, concen- 
tricity and wall thickness are absolutely uniform. 
Inside and outside surfaces are smooth and free from 
scabs, slivers and rolled-in scale. Tubes are full- 
normalize-annealed, soft, ductile and of uniform grain 
structure. Every tube is tested at pressures far in ex- 
cess of code requirements. 
Because of these features, Electrunite Boiler Tubes make 
possible tighter joints with worth while savings in time 
and labor, and add to the safety and life of equipment. 
Made in a full range of sizes for fire-tube or water-tube 
boilers. Write for literature. 


STEEL AND TUBES, 


WORLD'S LARGEST PRODUCER OF ELECTRICALLY WELDED TUBING 


CLEVELAND »« + + OHIO 


SUBSIDIARY OF REPUBLIC STEEL CORPORATION 





INC. 
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Reliance Tilt- 
view Water 


*BOILER 


RELIEVING 


T is a relief to know that 

the water level in your 
boilers is always looking out 
at you clearly through good 
dependable water gages—easily 
seen. 


Gage, flanged Reliance gages are well-known 
4 — ae for their sharp visibility—and 
=" fos. for their substantial well-de- 
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Column Co. 


Cleveland, Ohio 
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Write for literature on Reliance 
water gages and accessories. 


The Reliance Gauge 


5942 Carnegie Ave., 


liance 


SAFETY WATER COLUMNS 


signed trouble proof quality. 


For pressures all the way up to 2000 pounds—vertical, 
Tiltview, prismatic and the 
famous Micasight. If you have 
a water gage problem, Reliance 
has an answer you'll like. 











(Continued from page 37) 


in a recent issue of Oel u. Kohle which is reviewed in the 
July issue of The Fuel Economist. 

The importance of peat in Germany lies in the fact 
that it represents about 40 per cent of the total energy 
resources of the country. The heating value of air-dried 
peat, containing 20 to 40 per cent water varies from 2900 
to 4000 calories per kg. About half the peat produced in 
Germany is worked by hand and for the rest mechanical 
excavators are employed, the latter being best adapted to 
thick seams. 

In Russia recent experiments have overcome the dis- 
advantages of air drying by dewatering through pressure. 
Because of its colloidal properties, which tend to retain 
the water, the peat is first disintegrated and the frag- 
ments mixed with previously dried peat dust before the 
pressure is applied. 

There are several different forms of peat, one of a 
powdery nature being extensively used as a humus- 
forming fertilizer, whereas other forms are used for fuel. 


Industrial Power in England 


In a paper on “Industrial Power Supply” before the 
National Electrical Convention at Bownemouth, En- 
gland, reported in Engineering of June 28, the authors, 
Messrs. Hobson and Taite compare the power available 
per worker in England with that in the United States. 
In the former it is 2.81 hp whereas in the latter it is 5.38 
hp. This is attributable to the fact that the introduc- 
tion of labor-saving devices has proceeded more slowly in 
England. Despite this comparison the figure quoted for 
England has increased from 1.5 hp in 1907. In the 
earlier year only 6 per cent of industrial power consuming 
equipment was served by public electricity supply, 
whereas by 1930 this figure had grown to 35 per cent. 

Commenting on the growth and the effect of the 
present Grid System, the authors presented the accom- 
panying curves, showing the variation of thermal ef- 
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Trend in coal consumption per kilowatt-hour, 
1920 to 1934 
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ENGINEERING 
Variation of thermal efficiency with size of 
station 


ficiency with the size of station and the trend in average 
fuel consumption for these electricity supply stations. 
The break in the curve of fuel consumption in 1926 was 
due to disturbances in the fuel supply and the necessity 
for using inferior coals. Taking the 1922 costs as an in- 
dex of 100, the price of coal has dropped to 75 and the 
price per kilowatt-hour sold to 59. 


Coal Used in Motor Transport 


Steam automobiles in England, using coal as fuel, are 
rather widely employed, but in most other countries play 
no important part. It is estimated that in England at 
present, more than ten thousand steam-driven lorries are 
in operation and that they utilize approximately a mil- 
lion tons of coal annually—The Fuel Economist (London), 
July 1935. 





Revised Boiler Rules for Marine Service 


In view of the trend toward higher pressures and tem- 
peratures in marine service and the introduction of fu- 
sion-welded boilers, the Steamboat Inspection Service 
of the U. S. Department of Commerce has issued re- 
vised rules covering every type of boiler ordinarily used 
in marine work. These rules became effective July 1, 
1935 and are issued in pamphlet form. Co-operating 
with the Bureau in the development of these rules were 
the following organizations: 


The American Society of Mechanical Engineers, Boiler 
Code Committee, 

The American Welding Society, Committee on Welding 
in Marine Construction, 

The American Society for Testing Materials, 

The American Standards Association, 

Manufacturers’ Standardization Society of the Valve 
and Fittings Industry. 

The Society of Naval Architects and Marine Engineers, 

National Council of American Ship Builders, 

The American Association of Steamship Owners, 

The American Bureau of Shipping, 

The American Marine Standards Committee, 

National Board of Boiler and Pressure Vessel Inspectors, 

Malleable Iron Research Institute, 

The American Uniform Boiler Law Society, and 

The American Association of Steel Manufacturers. 
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How to Use a Steam Calorimeter 


For method of installing calo- 
rimeters, send to the American 
Society of Mechanical Engi- 
neers, New York, for a copy 
of the new A S M E code for 
Determination of Quality of 
Steam. For Ellison calorimeter 
use the throttling formula: w= 
100 x H —h * (T t) 
in which w = percentage of 
moisture; H total heat and L 
latent heat in steam pipe at 
absolute pressures; h total heat 
of steam at absolute pressure in 
calorimeter; K specific heat of 
ELLISON U PATH STEAM superheated steam; T tempera- 
CALORIMETER ture of steam in the calorime- 

ter; t temperature due to the absolute pressure in the calorimeter. 




















Radiation in calorimeters is the difference in temperatures be- 
tween the theoretical and the expanded steam temperature in 
the calorimeter, which is determined by operating the boiler at 
about 50% of the normal rating at the low water level. The 
radiation in calorimeters is usually from 8 to 12° F. The Elli- 
son calorimeter has the remarkable accuracy of within 2° of 
the theoretical temperature. In this calorimeter, the steam 
enters and discharges at the top of the steam chamber, then 
flows down thru the steam jacket into the atmosphere without 
back pressure. The jacket is insulated with 1” lamp black and 
a bright plated outer casing. 


Ellison Draft Gage Company 
214 West Kinzie Street Chicago 
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ANONYME D’OUGREE- 
MARIHAYE AT OUGREE 


(Belgium) 
Owners of Patent: No. 1,818,189 


PROCESS 
for the 
PURIFICATION OF COAL 


permitting particularly the production from raw 

and domestic coals of pure coal with less than one 

per cent ash for special use such as hydrogenation, 

colloidal coal, auto gazogenes, direct combustion in 

diesel motors and gas turbines, and the manufac- 

ture of electrodes for the electrometallurgy of light 
metals. 


wish To SELL THE RIGHTS 
FOR THIS PATENT 


FOR ALL INFORMATION, apply to: Soco-— 
belge (Canada) Limited, 709, Canada 
Cement Building, MONTREAL, Canada. 
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CHRONILLOY ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 
FIED SERVICE GUARANTEE. 
COST MORE? Yes, but 


WHAT SERVICE LIFE! 4067 Park Ave. 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 
Analyze before you buy as 


THE BAYER COMPANY cheap imitations may be of- 


St. Louis, U.S.A. fered. 











ERNST High Pressure 
GAGE GLASS 


TRY COCKS 
**LEAKLESS TYPE’’ 


GASKETS 
GAGE GLASSES 


for highest pressures 


SPLIT-GLAND 
GAGES HAVE 


CAN BE ATTACHED TO ANY WATER COLUMN ] 
OR BOILER } 


Snocact ae ass 


~ GAGE ciassO \ | \ ee 
PACKING NUTS \ ' 


ROUND GLASSES FOR 1000 LBS. | 


ERNST “SPLIT-GLAND” 


ADJUSTABLE WATER GAGES, VERTICAL or INCLINED _ + 
COLUMNS & TRY COCKS FOR PRESSURES UP TO 2()QQ) LBs. 


ERNST “Clear Vision”’ 
Gage Glass GUARDS 
Safety at All Pressures 


Write for Catalog C ERNST WATER COLUMN & & GAGE Co., Newark, N.J. Offices in roeena" Cities 
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